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OVERVIEW 

MODULE FOURTEEN — ' ' ' 

PARALLEL AC RESJSTJVE-REACTIVE CIRCUITS 

In this module you will learn about parallel RL , RC and RCL circuits 
and the conditions- tnat exist at resonance. 

For you to more easily learn the above, this module has been divided 
Into the following six lessons: ^ 

Lesson !. Solving for Quantities in,RL Parallel Circuits . . . . 

Lesson M.^ Variational Analysis of RL Parallel Circuits 

Lesson IN. Parallel RC and RCL AC Circuits . . , 

Lesson IV, Parallel Resonance * 

Lesson V* Effective Resistance in Parallel RL Circuits 

Lesson VI. Parallel Resonance Experiment 
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OVERVIEW 
LESSON I 

Solving for Quantities jn RL Parallel Circuits 

In this lesson you will study and learn about the following: 

-review parallel resistive circuits 
-para 1 lei resist ive- i nduct i ve c i rcu i ts 
^methods of solution of RL parallel circuits 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES . 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 



' LESSON I 

Solving for Quantities i R£^Paral 1 el Circuits 
^ 



To leain the material in this lesson, you have the option of choosing, 
according to , your experie,ice and preferences, any or aM of the 
following; ' . ' \ 



STUDY BOOKLET/ 

Lesson Narrative 
Progr^anwned Instruction 
Lesson Summary 



ENRICHMENT MATERIAL: 

NAVPERS 93AO0A-1b "Basic Electricity, Alternating Current." 
Fundamentals of Electronics . Bureau of Naval Personnel.. 
Washington, DrC.; U.S. Government Printing Off ice, ..1965 



AUDIO-VISUAL: 

Slide-Sound Presentation 



"Solving for in a Parallel RL Circuit." 



YOU MAY NOW STUDY ANY OR ALL OK THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS .CHECK AT ANY TIME. 
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NARRATIVE 
LESSON I 

Solving for Quantities in Rt Parallel Circuits 

Reviewing Rules for Parallel Resistive Circuits 

Several modules back, you learned to solve for quantities in 
parallel circuits which were purely resistive. Now we will briefly 
review the ru'es you used. 

Rules 




Branch resistance controls 
branch current. 

Voltage is convnon across all 
branches . 

Total resistance and total 
impedance must be less than 
smallest branch resistance or 
oppos i t ion. 

Total current equals sum of 
branch currents. 



Solve for the following quantities In the above circuit: 



To find 1^, add the branch currents. Voltage 

is common; therefore, the applied voltage is 

across RJ_/ and we can determine 
150 V 



'ri 30 a 
are both 5 



or 5 a. Similarly Ij^^ 'r3 



5a + 5a + 5a=15a (total current) 



•R2 

'ri 

'r2 

'R3 
P. 



P = 
a 

/6 « 
PF = 



12 

6 
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To solve for 2^, you can use Ohm's taw- 

, '150 V 
Solving for E 



R2 



As voltage Is common In a parallel circuity the voltage drop across 
any of the branches the same as the applied voltage, or 150 volts 

Solving for 



2 ' . 

True power'can be determined by the = I R formula. In th(S 

purely resistive circuit I = 15 a, = 10 therefore, 

= 2250 w or 2.25 kw. 

Solving for'P 

a 

Apparent power in a purely rosistive circuit is eflual to true powei 
You can prove this by the formula P =Exl;P =150vxl5a= 
2.25 kw. ^ ^ 

Solving for P^ 

Reactive power is not present in a purely resistive circuit.: 
An gle Theta 

In a purely resist ive cl rcui t, /6_ is zero because E_ and 2. ^""^ 
phase. 

Power Factor 

You know that the power factor in a purely resistive circuit is 
unity, or I. 



What would happen tu total current in the parallel 
circuit we have been analyzing if frequency were 
doubled? 



*You should know the answer is noth i ng . Current in parallel 'circuits 
is determined by branch resistance, and frequency usually does not 
affect tTie value of carbon (except for some skin effect at extreinely 
high frequ/encies), ^ 
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Wfien solving purely resistive parallel circuits, brsnch currents 
are added d i recti y because and J_ ^re in phase. In ci rcui ts con- 
taining both resistive and reactive components, and J_are 
no longer in ph£;*;e. In an RL parallel circuit, for example, 
I cannot be determined by directly adding branch currents because 
the current through the resistive branch is in phase with the 
applied voJtage, white the current through the inductive branch 
lags the applied voltage by 90^. 



Recall that in series AC circuits we had to solve for Zj and 
voltage vectorially. We used the impedance triangle and the - 
voltage triangle. In parallel AC circuits we wi?J use only 
a current triangle . THINK CURRENT is the password for this 
module . 

This means that we will not use an impedance triangle to solvo 
for Zj in paral lei ct rcui ts . ! nstead we wi 1 1 f i rs t f i nd I j, 
then solve for Zj by Ohm's Law. 

In solving AC parallel circuits, a voltage trtangle will never 
be used because voltage is common. 



Which of these quantities would you not vector for when 
solving an AC paralle? RL circuit? 



Remember, for parallel circuits think current only; therefore, you 
do not vector for Z_ or E^, 





E 



a 
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SoWfng the RL ParaHel Circuit 



Fourteen- t 

We want to solve this circuit for 
each quantity listed to the left. 



a 

/e = 

PF = 




First we must find current through each branch of the network 
In order to compute the total current. 

To find through the resistive branch: 

'r r 

'r "IfTsT = 3 a 



Then, to find J_ through the Inductor: 
E 



I, 



\ 

120 V 

30 n 

k a 



= i* a 



Because the 3 amps through the resistor and the k amps through the 
Inductor are not In phase^ we must add them vectorlally. 

The Current Triangle 

In parallel circuits, voltage is the connmon reference; therefore, 
voltage appears In the standard vector position. The voltage across 



? lis 
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the resistor and the current through the 
resistor are in phase; therefore, is 
plotted in the standard vector position. 

Recall that in a purely inductive circuit, 
voltage leads current by an angle of ^0^ 
(ELI). For this reason E and 1. are 
*90** out of phase, with leading; there- 
fore, the I vector is a***} quantity. 
(Note that the -j is the result of 
changing tlie reference.) 




Vectorial ly adding the values of the 
branch currents produces the total 
circuit current. Th^^^refore, I is 
5 a. ^ 



This information can be expressed in rectangular notation, giving 
first the J_ through the resistor, then the through the inductor, 
thus; 3 a - a. 

In polar form, thisjs expressed 5 /-53* 1 (Vou recall this is 
/e^ for a 3-^-5 triangle.) 

Solving for 



Now that we have found l_, you can solve for total impedance 
by Ohm's Law* (Remember! We do not vector for in parallel 
ci rcui ts + ) 



■0- 



7 CJ 



30ft "T 



= T 
)20 /0° 

e / CO 10 (E^ is our reference; 

therefore, we assign 

an angle of 0".) 

2h Q /53.)^ 



Solving for True Power ^ 

you knciw that power Is consumed only by resistance. To find 
the value of P^, use the formula, P^ - 1 R. j_ In this case must 
be the current through the resistive branch, not total circuit 
current . 
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f| 360wl 



t 
t 

-= 9 X 40 

t 

P, = 360 w 
t 

Solving for Reactive Power 

P = l.^X, 
X L L 

P^ = X 30 

P^ - 16 X 30 

P^ « MZO vars 
Solving for Apparent Power 
By the power formula P * x 

P ' 120 V X 5 a 

P * 600 va 
a 

Pov/er fact or 

You know that the power factor is equal to the COS /6- For 
of 53.1"*, PF ts 0.6. You can also determine this by using 

the formula PF » 

a 

Now, remember two important rules for solving parallel circuits 
K THINK CURRENT - vector for J_ only. 
2. To find 2y, first find 1^, then apply by Ohm's Law. 



Solve this circuit. 
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State in rectangular form: 



State Ij in polar form: 
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Your first step was to find \^ and t^. Ij^ = 6 a; 1^ = 8 a. 
!n rectangular form: = 6 a * j8 a 

This is a 3-^-5 triangle, so I- = 10 a 



The current triangle 




In polar form =^ 10 a ^-53^ V 



Th^n by Ohm's Law, Z_ = 

' 't 



240 V /O^ 
^T- l0aA53 J-^'^"^ 



Observe that the two circuits we worked had identical ohmic values, 
30 ohms and 40 ohms. Only -the applied voltage was changed from 
120 volts to 2^0 volts. Changing voltage did not affect the total 
impedance* In both cir(juits Zj was 2k ohms* Voltage Does Not 
Affect Impedance In A (fircuH * 

Assumed Voltage Method 

Since the applied voltage has no effect on Z^, you may assume any 
voltage to solve for 7_* 

The assumed voltage (any^one you pick that is easy to work with) 
will help you find the correct Z_. 



Using the assumed voltage method solve for Ij* 



^RlOOfl JX^lOOfl Ij 



12 18 



Narrative 



K Fourteen-1 



You may have realized a workable, easy, voltage to assume is 100 
volts. 1^ = 1 ^i*! a Izh^y and 2- = 70.7 Ml* Whatever 
voltage you used, Zy = 70.7 Ih^L- 



Para) )e) RL Problems 



^ 120v 



<R40n 4,777mhJ I 



1 



FIND 




FIND 



3. (%)" 



0,707 



SOil^Xl FIND 




2, = 



a 

PF = 

/6 = 



13 
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Answers 



2. = 20 



3. 2^ =■ 35.35 /its; 



2^ = 72 fj /36.9° 
1^ - 5 a /-36.9° 



II = 3 a 

= UftO w 

P = l800 va 
a 

PF = 0.80 
/e = -36.9° 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN- 
TIL YOU- CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON i 

Solving for Quantities in RL Parallel Circuits 
THIS PROGRAMMED SEQUENCE HAS N<l TEST FRAMES. 



In thCs modu1e» wewil) discuss the important characteristics of 
parallel resistive-reactive circuits and develop th<^ rules and 
graphs for finding circuit values^ The basic circuit configurations 
to be studied include parallel RL, RC, and RIC types. At this time, 
ft will be helpful to review parallel circuits containing only re- 
sistive elements. 



1 



In a series cirituit, current is common, b'JC in a parallel 
ci rcuit, is co:oto:u 





Uol tageT 



The voltage drop across resistor RJ_ equals the voltage drop 
across R2^ which equals the voltage drop across R3. This may be 
stated as ^ the voltage drop across any branch in a parallel 
circuit is equal to the voltage.*' 



{source or appl ied^ 



The current acts quite differently. The total current, I , 
flowing from the source divides into separate branch currents 
whose values are determined by the voltage and branch resistance. 

Given E and Rl, we can calculate I, according to thft equation 

a ^' " ^ I 



(I = — ) 
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^.t Equations for I2 and 1^ are similarly written: 
E 



I - ^ 

2 R2 



1 = -2. 
3 R3 



The sum of the branch currents must equa) the 
current. 



ttotal) 

5. For the circuit given tii frame 1^ the total current «s written 
't ^ 'l^^ '2 ^ '3' total current can also be calculated 

ffom known values of source voltage and total resistance by 
the formula . 
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The equivalent resistance of a parallel network can be cal- 
culatH -by the sum of the reciprocals method which !s 

mathematically written as = * The equivalent 

circuit for the parallel resistive circuit in frame 1 is: 




1 



Rl R2 R3 



7. For review, calculate the unknown 'val ues in the following examples^ 



E = f^O V 
a 



R1 
R2 



5 ft 
10 ft 



T 



(a, 20 b, 30 a; c, 3,3 ft) 



In summary, the rules for ourely resistive parallel circuits are: 
K Voltage Is cotnnon across Mch branch. 

2. Total current is the sum of the Individual branch currents; 
't= S ^ 1^+^. . . + 1, 

3* Total circuit current U " (Ohm's Law). 

Branch currencs are resolved using the equations i, = 1^ 

' ^) * 

(where I I s* branch 1 2, current . ) 

i 

5* Total circuit resistance can be calculated from: 

•V = -r— r-^ -T 



;RI * R2 * * * * * Rn 
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6t Phase difiFerence between cu^re,^t and voltage is zero (/j9_ 9). 

7* True power equals apparent power since t^e load is purely 
resistive, 

8, Power factor is unity: PF = ]\ 



8* The voltage drop between point A and B is 
drop across C and D 



to the 




(equal ) 



In the circuit in ^the preceding fran^e^ the voltage drops across 
the resistor^ R^t dnd the inductor^ L^^ are the same and are equal 
to the voltage. 



(source or _ap^jjed} 



10, From known values of source voltage, branch resistance, ant-* in- 
ductive reactance, we can solve for the current through each 
bra,^ch of the network by Law. 



(Ohm*s) 



IK Current flowing through the resistive branch in the example ^ 
circuit, with = 100 v and R = 25 0, is calculated from the 
equation Ij^ = and is amps . 





E 

a, 

R 


it 




4 
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12. We are able to calcUlaTC Ij^ from the equation Ij^ 
the voltage, drop across the resistor is equal to 




Fourteen- I 
E 

a 

since 



(source or*app1ied voltageJ 



• 



13* 'Similarly, the voltage drop across th-^ inductive branch equals 

source voltagf^. Branch current, f , Can be calculated from 

the equation !. ^ and is 

amps, with E = 100 v and X, - 20 
a L 



— 5 



\k\ In a parallel RL circuit, total current, 1^, cannot be obtained 

by direptly adding and Ij^ as in a .purely resistive circul; 
^ since the two currents are 



(out of phase) 



IS, With the voltage across each branch common and the currents in 
the resistive and inductive branches out of phase, we 

solve for total current by addition of individual 

branch currents. 



(vector) 



16. In a parallel RL circuit, voltage is common and can* be repre- 
sented by a. vector in the position. 



(standard or reference) ^ 
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17* tn the branch containing purely resistive elements, current 
flowing through and the corresponding voltage drop» E^^, are 



In phase* Therefore, 
di rection as E 



can be plotted in the same * 



TT7 



18, In the purely inductive branch of the parallel RL circuit, 
the same source voltage, E^, appears across the Inductance* 
The branch current, K , Is out of phase with voltage. From 

'*ELt , the ICE man," tne voltage the current by 

90^ 



(leads} 



19. Voltage, hov<;ever, is convnon and plotted in the standard pos'tt 

Voltage leading current by 90** is the same as current 

voltage by 90^° for a pure^ly inductive load* 




(lagging) 



20. Current flow In a parallel RL circuit can be represented in 
rectangular notation with the lagging current rotated 
cloclcwise from the standard position by a operator* The 

+17^ 

rectangular not£^:^on for thf illustrated vector diagram is 
written 




iERlC 
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2). The total current can now be calculated by vector addition of 

1, * In the diagram, 1^ ts the of the current 

triangle* . 



\^ and I, 
vector 




Lresu 



Itant) 



2Z* From the current vector diagram, you can see that .\y is out 
of phase and lags the applied voltage, E , by the 



J7W 



23* Total impedancet 2-^, can be calculated from known values of 
applied voltage ana total current; frop Ohm's Law, Zy « 



24. )n the example parallel RL circuit, the following values were 
calculated: 




1^ = A a 
II = 3 a 
1^. = 5 a 



Wr 



i te l.|. in rectangular form. 



Write total current in polar form. 



14 a - J3 a; 5 a /-36.9T 
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2$. In the preceding example* total Impedance is determined from 

the formula, = ^ . We cannot simply divide 120 volts by 
' T 

'^5 amps, but must also take into account the phase difference. 



Using polar notation, 2y = y,^^ 



(120 V /O^ ; the phase angle for E is zero since it is 

- - — ■ - * 3 



the reference value.) 



I20v /O^ 

26+ For example Zy = /-36 9^ * total impedance is calculated 
to be ly = * 



27* The total impedance of a parallel RL circuit is always calculated 
from applied voltage and total current, using Ohm's Law, and not 
by vector addition of resistance and impedance* In a fixed cir- 
cuit with constant values of and X., the total impedance, Z^, 

does ^ with changing values of or 1^* 

change/not change 



(not change) 



28* From the equation, E = 'yZ^, you can see that increasing E 

produces a proportional tn 1^, since Z^ 

is constant for a given cirr.uit*^ 



(tncreasej 
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29. In the circuit illustrated below* what happens to Zy !f 

E is increased from 120 volts to 2^0 volts? 
a 




a* remains the same 



increases 



c. decreases 



d^ cannot be detenalned 



TiT" 



30* This*factt that the applied voltage does not affect circuit im- 
pedance* allows us to assume any applied voltai;e to determine 
Zy of a parallel circuit* 



Assume = i20 volts AC and solve for Z^. 




Solve the preceding circuit for using an assumed voltage 
of 240 volts AC* ' 



T2irir730T 
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32. When* using the assumed voltage method for determining 2^, the 
values of current are not true values. 

Solve for 1^. 



_a. ) amp 
_b. greater than 1 amp 
c. cannot be determined 



Xi^40ft 




33- Recall that true power, P , is that power dissipated by the 
resistance as heat. In terms of Ig and R, P^ 
For 1- expressed in amperes and R tn ohms, P. Ji 
in 



Is expressed 



R; watts) 



34. True power may also be determined from the branch current and 
the voltage drop across the resistance using the equation 
P. = 



30 
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35* Solve for true power using both equations and compare answersi 



watts. 




36* Recall also, that reactive power is that power stored by reactive 
components and returned to"^ the source- tn terms of I and X 
P.. = _t For expressed in amperes ana X fn ohms. 



Ir expressed In 



(t^) X^; vars 



37* Reactive power may a)so be determined from the branch current and 
the voltage drop across the resistance using the equation P^ « 



38, Using the circuit illustrated in frame 35, solve for reactive 



pt^er, P 



vars. 



lERiC 
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39- Apparent power, P^, ts a combination of the power dissipated by 
the resistive components and the. power stored by the reactive 
components. 



In terms of and l^., 

a 1 c 




IV 4S0w 



40. Whon E is in volts and in amperes, apparent power is expressed 



Solve for P^. 

a 




(vol t-arnperes; 600 va) 



41. The power factor for any circuit is defined as the ratio of true 

power to power. It may also be expressed as the 

of the /e. 



(apparent; cosineT 
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kZ, Sol^re this parallel RL circuit for the indicated values* 



lOOv 



i. PF = _ 

State total current in rectangular form. 
State total current in polar form. 



la, l*a; b, ka; c, 5,7a /-MST T. 17,5 n A5° ; e, -hS"; 
f, kOO w; g, 'tOO vars; h, 570 va; t, 0,7; rectangular 
form: Ij = h a - }k a', polar form: \j ■= 5,7 a /-A5'* 



YOU KAY NOW TAWE THE PROGRESS CHECK OR YOU MAY STDOY ANY OF THE OTHER 
RESOURCES LtSTEO, tF YOU TAKE THE PROGRESS CHECK ANO ANSWER ALL THE 
liUESTlONS CORRECTLY, GO TO THE NEXT LESSON, IF HOT, STUOY ANY 
HETHOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY, 
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SUMMARY 
LESSON t 

Solving^for Quantities in Rt Parallel Circuits 

In Module Six you were Introduced to the rules governing parallel 
circuits* Before the discussion of thlf more complex AC circuit, 
perhaps a brief review of these rules^ 'using a purely resistive 
circuity will be helpfuK 

K In a parallel network voltage is the common value. 



2* Total circuit current equals the sum of the branch currents. 

3* Branch resistance determines branch current^ with the branch 
containing the larger opposition having the smaller current* 

4* Total circuit resistance is smaller than the smallest branch 
res {stance* 

When dealing with purely resistive circuits, we are able to add the 
branch currents directly to find total current; and J_ are In phase^ 
/d is O^t and the circuit power factor Is 1* If a reactive element 
TTnductance in this case) is placed In the circuity there Is a 
phase shift between the applied voltage and circuit current. Because 
of this, other forms of computation must be used* For example, the 
Individual branch currents can no longer be added algebraically to find 
vectorial addition must be used* 

In series AC circuits^ current Is the common value and the In*^ 
dividual voltage drops are added vectorial ly to find E * In parallel 
circuits^ voltage is the common value and current dIvlSes between 
the branches* Hencej voltagej not current^ must be used as the vector 
reference In a paraHe) circuit* 




To solve this circuit with the 
Information given, the first step 
is to find the Individual branch 
currents* To do this. Ohm's Law 
Is^applied to each branch* 
(Remember to Include the angle 
associated with each value*) 
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100 /O' 
75 /0° 



= 1.33a /0= 



E 

\ ^ '^o /^-go' 



= 2.5 a /-90° 



E has a 0° angle because it is the reference value. 

The next step is to find Since there is a 90** phase angle between 

the current through the resistive branch (ij.) and the current through 
the inductive branch (Ij^K vector addition must be used to combine 




,'t= 'r 



jl, 



1 .33 a - i2.5 a = 2.83 a /-62' 



Although this is an Inductive circuit, tne circuit phase angle Is a 
negative angle. The reason for this Is apparent; reversal is due 
to the change in reference values (current lags voltage). 

Now that 1^ has been computed, Zj can be found by applying Ohm's Law. 

E 100 y /O^ 
^T=T7 =Or77Efe2l =35.Afi/i621 

Remember, In Parallel Circuits You Must Vector For Not or E . 

\ ^ a 

Apparent power fs computed for parallel circuits in the same manner 
as for series. In the above example; 

P = I- X E » (2,83) (loo) = 283 va 
a T a 

PF is still equal to the ratio of true power to apparent power. 

PF = or more conveniently, PF = COS /8_, 
a 

PF «> COS 62*" » 0*4695 
True power caij be computed for any circuit by using P^ I- x £ x COS 
or If you wish^ '*t * 'r The last equation is 

usually the most convenient for parallel circuits. 
- Ir X (1.33)(100) " 133 w 
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One fact you must always remember Is that the impedance of a circuit 

Is not affected by any change in applied voltage^ This fact is 

apparent if you examine two identical circuits with aifferent values 

of E . 
a 




/6 = 
2. = 




= 6.6a 
1^ = 5 a, 
1^ = 8.3i) a 



/6 



-36. J)* 



2^ =.21), U 



As you can see, the circuit phase angle does not change and 2^ remains 
the same. 



Occasionally you will be required to find the impedance of a circuit 
when the value of ~ the applied voltage is not known. Because the value 
of E has no effect on the impedance of the circuit, you can assume 
any Voltage you wish to find 2y. For example, any value of assumed 

voltage can be used for this circuit. 
We' 1 1 use 250 v. 



250 /O" 




250 /O^ ■ 
'r = 125 /0» " 2 /Ola 



2 - }k.\6 a 
k.65 a /-6k. y 



c 250 /O" 
"T ^ 1 " ^4,65 /'SMS 



53.8 /-^Sk.V 



The circuit Impedance found in this manner is a valid figure; however, 
you must l<eep in mind that Ij is correct only if the assumed E Is 
applied. 
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In series circuits, the circuit Is either predcwnlnately resistive or 
predominatety reactive depending upon which device devetopes the largest 
voltage drop, A parallel circuit, however appears reactive or 
resistive depending on which branch carries largest current. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, 0^ YOU MAY 
STUDY THE LESSON NARRATIVE Oft THE PROGRAMMED INSTRUCTION OR 80TH. 
IF YOU TAKE THE PROGRESS CHECK AKD ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT. LESSON, IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 



BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 




MODULE FOURTEEN 
LESSON 11. 
Variational Analysis of RL Parallel Circuits 



Study Bookl et 
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OVERVIEW 
USSOK II 

Variational Analysis of RL Parallel Circuits 
In this lesson you wi?1 stuHy and learn about the following; 



•effect of a change in frequency 

"effect of a change In appTIed voltage 

•effect of a change In resistance 

•effect of a change in Inductance 



BfFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES • ^ 

LESSON ii 

- Variational Analysis of RLo^Parallel Circuits 

To learn the material [n this lesson* you have the option of choosing 
according to your experience and preferences, any or all of the 
fo) lowing I. 

STUDY BOOKLET: 

Lesson Narrative 

Programmed Instruction ^ 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93^00A-lb "Basic Electricity, Alternating Current," 
Fundamentals of Electronics , Bureau of Naval Personnel, 
Washington, 0,C.: U.S, Government Printing OffUe, 1965. 



V'W MAY NOW STUOY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 



LESSON It 



Variattonal Analysis of RL Parallel Circuits 





We will assume that this resistive^ 
Inductive parallel network has ^ 
a htgh-ft coil; therefore, we will 
not need to consider effective 
resistance as we analyze the 
circuit* 



W« will examine the network to determine what will happen to all 
otDer circuit quantities If we change one of^the four variables 
frequency^ applied voltage, resistance^ or Inductance. 



If Frequency 'Is Increased 



The first step In analyzing a 
parallel circuit Is to draw the 
current vector diagram* 




mc 



Now If JF Is Increased/ what will happen to X^^? 

Since » 2iTfL, If f_ Is Increased Xj^ Increases (f), 

tf X| Increases, t. decreases (l) • U in a parallel RL 

circbit Is unchanged by a change In frequency because neither 

E nor R^are affected by frequency. Therefore, If L decreases, 

t^en 1^ decreases (f) as we can see from the vector otagram. 




ERIC 
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If I- decreases, 2- must have increased (^) * We can see this 

' ' E 

by a look^at Ohm's Law 



since current ,th rough the resistive branch has not changed, and 
the resistance has not changed, true power does not change. 

Apparent power, however, changes because total current de* 
creases and the applied volte'^e is unchanged. 

Looking^agaln at thS current vector diagram, you see that as 
Ij^ decreases, /e^ decreases. 

If angle theta decreases, then the power factor Increases, You 
know this to be true because P^. Is the same, but P decreases. 



a+ 



The tabie to the right sKows the complete 
picture of the effects of an Increase In 
the frequency fb"^ the voltage applie^l to ^ 
parallel RL circuit. 



f 




h 




h 




■r 


— 


'i 


















+ 






/o 




R 

- 









Changing Applied Voltage ^ ' 

The results of a change In the voltage applied to a parallel 
RL circuit are easily analyzed. 

Hone of the physical properties of the circuit are affec>- by 
any change In voltage; thus, R^ and jL remain the same. Without 
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a change In either frequency or inductance, remains the 
sanie^ With both X- and R unaffected, the circuit Impedance 
Is also unaffected. 

If is decreased. Ohm's Law shows that tj^, and \^ and 
also decreased. 

With a decrease In I^* L and the applied voltage, P. and 

t_ ^ I I IK to 

both decrease* 

A look at the current vector diagram 
Indicates that as I,., I,, and iy all 
decrease, /6 does not change* 



Therefore, PF does not change* 







h 




»T 




'» 




't 


i 


Xt 




Pf 
















/e 




R 




L 
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Okay, let's see Jf you can correctly 
analyze this circuit if the value of 
IS increased* Indicate changes to 
each ctrciitt quantity by arrows tn 
the table at the right. 




Draw the current vector diagram* 



















"l 




H 




PF 
















/o . 




K 




L 







You Know that If Is Increased, then J_ through the resistive 
branch decreases, tj^ Is unaffected since a cKange In 
doesn't change either frequency or Inductance; therefore, it 
does not affect Xj^* 



% 
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The vector diagram indicates 
that if decreases and L 
does not change » ij decreases. 



If \j decreases, and Is constant, then Z.^ 
Increases. 

If 1^ and I decrease and is unchanged, 

then and P decrease. 

'^t a 

Another looti at^the current vector diagram 
shows that Increases and the power 
factor decreases. 





1 














h 


-> 










^ 








V 








R 




t 
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Complete the table to'^show what happens if inductance 
is decreased. 




PF 



L 



Turn to the next page for the answers. 
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If ^ Is decreased, X^^ decreases* and (^^ 
Increases* 




Increases. 

does not change. 



If 1^ Increases and {$ constant, Zj 
decreases. 

As neither Ij^ nor changes, does 
not change. 

As i* Increases* P Increases. 

1 3 

Obviously Increases; therefore, PF 
decreases, R remains the same. 



I 








h 




't 




'i 


♦ 


















•it 




/e 




R 




L 
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With the four variables changed separately as indicated !n^ 
the chart, conduct a variational analysis of the circuit. 
Indicate the changes to each circuit quantity by arrows. 





1 




Z—L 


^4 

1 























•r 






























w 








































/o 










R 










L 











Turn to the next page for the answers. 
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Answers: 





i! 




"i 


A 


It 


j 


— ► 


1 

I 


A 

t 


■ 

't 




4 

1 


A 

1 


1 


* 

hi 


— ^ 


A 

t 


A 

1 


— ^ 


'i 




4 

1 


— ► 


1 




I 


► 


^ 


4 

I 


PF 


4 1 





A 

1 


A 

1 






A 

I 


A 

J 


^ 


Pa 


J 


A 

1 


A 

1 


T 


\ 




4 

1 




T 






► 


i 


1 


R 


— ► 


► 


1 


. 


I 


— ► 


► 


^ 


t 
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PROGRAHMED INSTRUCTION 
LESSON II 

Variational Analysis of RL Parallel Circuits 

In this lesson* we will perforin a variational analysis on parallel 
RL circuits to determine what effect changes in frequency, source 
voltage, resistance, and Inductance have on the circuit values* 
You remember from past lessons that a variational analysis of the 
circuit values consists basically of choosing one quantity as an in- 
dependent variable and documenting the relative changes of all other 
values as the independent variable is changed. 

In the basic parallel RL circuit, we have the ability to vary or 
change four quantities. Each quantity, in turn, Is considered 
the independent variable and a variational analysis performed. We 
will assume that the effective resistance of the coil is negligible. 



0, 



The four Independent variables are; 



1 , frequency 

2. voltage 



3. 



resistance 
inductance 



Before performing the analysis, it will be helpful to briefly review 
the characteristics of parallel RL circuits and present the funda- 
mental equations used to calculate circuit values. 



Basic Circuit 



R ules and Equations 
Voltage Is common. 




X, - 2iifL 
E 

r = ^ 
R R 



« Ijj + Ij (vector sum) 



h§0 



p J . 
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Current Vector Oiagram 




The only vector diagram calculations 
are for current values. 



TAN /e » ji- 
R 

•-(i,)'R ori.xE^ 
\ " ^'t 



PF « 



COS /e 



Case i ' Frequency of AC Voltage 



We have chosen to Increase the frequency of the AC source, 
keeping E , and Inconstant. In the following frames, we 
discuss t^e effect of increasing f^ on the remaining cir- 
cuit variables^ In our circuit example, effective resistance 
of the Inductor Is assumed negligible with 1^ 



eff 



0. 



THERE ARE NO TEST FRAH^ IN THIS PROGRAMMEO SEQUENCE* 



K Resistance ts a physical property of the circuit* Increasing 
source frequency produces change In R^+ How 
do you increase resistance? 



(no; In cre ase value of resistor) 



2* Impedance of the Inductor is given by the formula; X. = Zufl. 
An Increase In f_ produces a/an In X^^, is 



measured In 



tIncreasV; ohms) 



1*6 
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Increasing the frequency produces a corresponding increase in 



Branch current through X. correspondingly 

'l = • 



according to Ohm's Law: 







(decreases ; ^) 




^* Current flowing through the n 
on and ac 
i ^ when 


isistive branch depends only 
cording to Ohm's Law. Therefore, 
Ms i ncreased . 


(R; does not change) 





S* Knowing the changes to l^^ and the dependence of total current 
(l ) On increasing frequency can be determined from the current 
vector diagram. Increasing frequency causes a decrease in Ij^ and 
ij/an in 




(decrease) 



6. From the same current vector diagram, we can determine that 
the phase angle . 



ec rearesj 



. 02 
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7* Total circuit Impedance izJi can be expressed as a function of 
E and £^ according to Ohm's Law: = 



Increasing £ causes Ij to ♦ 

0 

(U; y-; increase) 

't / ^ 

8* The current flowing tiirough the resistive branch does not 
change with an increase In frequency since resi|tance Is a 
phvslcal property* As shown by the formula^ tj^ x R> true power 
with an Increase .In f^. ^ 

[does not chanjgeJ 



r " 

9* The current flowing through the Inductive component decreases with 
an Increase Jn frequency. As shown by the equation: 

" 2TrfL> 'l *■ " 1^ reactive power 

with an increase In frequency* ' ^ 

(decrease) , 



10* To find the variation In apparent power> consider the basic 



equation^ P 'El.-* 
a a T 

Since iy decreases with an Increase in f> P 
I * *** a 



(decreases) 

11. Variations In the power factor can be determf'ned from either one 
of the formulas; * P 

RF COS /e^ 

With an Increase In fj true power remains constant and apparent 

power decreases* Since /e decreases ^ COS /e and 

PF for a corresponding Increase in f^* 



Uncreases; Increases) 
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12. Fill in the blank blocks with arrows to Indicate increase (i), 
decrease (^^), or no change i^) ^ 



f 


L 


R 




It 




'i 


't 










PF 


t 



























r 





L 


R 




It 


■r 


'i 














t 


> 




A 


f 


► 


1 


1 


I 


— ► 


1 


1 


t 



Case II - Source Voltage 

in this analysis^ we Increase E and determine the 
relationships of the following Variables. 





L 


R 




It 






't 










PF 


f 
















* 











13' Resistance ts a physical property and does not change wtth an 
Increase in E , Reactance depends only on f and L^, so X, Is 
unchange-*. TRe total circuit Impedance {Z-T \s a combination 

of ^ and Xj and therefore wtth an Increase 

In source voltage, ^ 



(does not changej 
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1^, Branch :ur rents, and l^^t depend on the applied voltage 
and br.,.ich Impedance. 



J 




Thcrcforje, since and X. are Dot affected by a change of 

appl led -voltage, k and T ; with an Increase 

in source voltage, E • 



Uncreas"e7" 



15. The dependence of total circuit current on source voltage can 

' ^a 

be determined from Ohm^s Law; {l^'= j-) * Increasing pro- 
duces a corresponding Increase In T . 



16. In Ohm's Law, wel can see that 1^^ 
amount for a given change In E • 
vector diagram, you can see that 
with an Increase In E , 




and 1^^ Increase a proportional 
By looking at the current 
the phase angle 



(does not change) 
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17' True power> rneactWe power and apparent power can be expressed as 
the product of voltage and current as shown by the equations; 

P = E L 
X a L 

P ^ E U 
a a T 

As E^ IS increased^ lg> Ij^ and 1^ Increase^ producing corresponding 

in both i)ower values. 



(increases) * -^^ 

18, Since the power factor Is equal to the cosine of a change 
In the applied voltage causes In PF. 



tno change) 

19. Place arrows in the blanks to show the change caused by an 
Increase In source voltage* 
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R 




It 


■r 


'l 
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R 




It 


■r 




»T 
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Case III * Resistance 



It 


L 


It . 




It 


■r 


'l 


't 










PF 


I 



























In this example, we decrease the magnitude of the resistance^ 
The fol lowing current vector diagram will help you visualize 
the changes In circuit values* 

^ — " 




20* For a decrease In circuit resistance W determine the change, 
If any, to the following values*. 



a. 

c + 



E * Does a change in R ca«se E to change? 
a ^ a ' 

Ip - Current flowing through R^ 



- Since the reactance of the inductor depends on f^ and L_, 
a decrease In R_ produces In + 



d. 1, 



e^ Zy ^ Since total impedance Is determined by E^ and 1^, a 



decreasing R. causes an Increasing l^^ and 





In Zy. 


f. 


/e - 




% - • 




P - I 




pSwer. 


i « 






P - 

a - 




PF - T 



in true power* 



in P reactive 

X 



and PF 



(a , no; bl Increases ; c+ nochangejd* no change^ 

e, a decrease; f^ decreases; <j* an Increase; h^ no change; 

I ^ Increases ; Increases ; k> Increases) 
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2K Show with arrows the effect of decreasing R^. 



K 


1 

L 








K 


'I 


i. 

T 


/ e 
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X 
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Case IV - Inductance 

22* In Case IV, we vary the Inductance by decreasing For 
the remaining circuit variables, determine their dependence 
on decreasing and Indicate their variation by arrows in the 
following chart. 
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YOU MAY NOW TAKE THE i'ROGRESS CHECK, OR YOU HAY STUDY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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SUMMARY 
LE$$OK II 

Variational Analysis of RL Parallel Circuits 

During this lesson^ we will examine a parallel network to determine what 
happens to circuit values when each of four vdriable quantities — 
frequency, inductance^ -re?!scance* ant^ applied voltage are changed^ 
Remembe^, when dealing wUh parallel ci.'cuits, vector current ^ not 
Impedance * The relative values of U and t. determi ne whether the 
circuit Is predominantly resistive or reactive- 
Just as In series circuits^ the value most obviously affected by any 
change- In frequency is hxJuctlve reactance* For,example» an increase 
In frequency causes a corresponding increase in X^* 

An Increase In the opposition of thft Inductive branch causes a de^ 
crease in the current through that branch* 

The resistive branch, for practical purposes, Is not affected by any 
variation In frequency* 



Total current is equal to the sector sum of the resistive current 
(tp) and the reactive x::rrent * In this case, with the decrei 
In there is a corresponding decrease In 1^* 

Since decreases and remains the same, the circuit appears , 
more resistive and /O decreases.* 



I" 




± — ^4 

With the decrease in /e^, there is an Increase In PF- 

Since total current decreases while the applied voltage remains the 
same, there must be an Increase in impedance* 

Although the PF increases, true power remains the same, because 
there Is no change In the resistive branch* 

Since apparent power is equal to total current times the applied voltage, 
it decreases* 
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Summary 



Fourtccrrl t ' 



To summarize; 
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Any var1atl<Mi !a Inductance affects the circuit In the sors 
mar^^ner as a comparable change in {frequency. 
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The table below shows the ef^cn of a decrease In resistance in 
the reslsttve branch of an RL piirallel circuit* 
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Any variation in applied voltage causes a proportional variation 
in a)1 values of voltage, current, and power. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON I II 
Parallel RC and RCL Circuits 



In this lesson you will study and learn about the foUowIng; 

"Solving parallel RC circuits 
"Variational analysis of parallel RC 
circuits 
-splving parallel RCL circuits 



BEFORE YOU SVART THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PACE, 



4 
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LIST OF STUDY RESOURCES 
LESSON Ml 
Parallel RC and RCL Circuits 

To learn the material this lesson^ you have the option of choosing, 
according to your experience and preferences, any or all of the 
fo) lovring; 

STUDV BOOKLET: 

Lesson Narrative 
Programmed Instruction 
L«sson Summary 

SNRICHHENT MATERIAL: 

NAVPERS 93i*OOA-1b '^Baslc Electricity, Alternating Current.'* 
Fundamentals of Eiectronics . Bureau of Naval Personnel. 
Washington, D^Ct U,S, Government Printing Offire, 1965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME- 




Narrative 
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KARRATIVE 

LESSON 1 1 1 

Parallel RC and RCl Circuits 

Solving Parallel RC Cfrcutts 

To solve for quantities In parallel RC circuit5» you proceed 
Ju5.t as you did to solve parallel RL circuits. Again with 
parallel RC circuits* we approach the probtem via the vector 
diagram for current. 




Here again* voltage the common 

^ ^ reference. Since current through the 

4 Ir resistive leg Is tn phase with the 

applied voltage* Ip Is vectored In the 
standard position, Recdl! that cjrrent througn the capacitlye 
branch leads the voltage by an angle of 90** ( \Ct) , For this 
reason the vector for 1^^ Is drawn upward to indicate 1^^ leading E^* 



Find the values of )_ and 1^ and 
construct the current vector diagram 



to determine I 



T* 



Your vector diagram should look like this; 

I 

~r * 




I, .'3 a 



"t = 5 a /53.1° 
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By ahplying Ohm's Law, we can solve for Z^- 
E 



■r ^ 



360 V /O* 



- jj/ ft /'53^1' 



Solve the preceding circuit. 
P. 



Pa 

P 

X 



2 

True power is computed by either of the formulas; P » (L) x R, 

P. -* L X E or P - It X E x COS /e ^ 
t K a t T a — 

P^ - (Ir)^ X R 
P^ « 9 X 120 
P^, - t080 w or K08 kw 
Apparent power. Is found using total circuit values^ 

P - I^ X E - 5 a X 360 V 

a T a 

P - 1800 v'a 
a 

Reactive power. Is found by using total circuit values multiplied 
by -the sine of /e (/e_ = -53 J^) P = 1^ x E^ x SIN /e_, or by using 
component values P ■ U x X^. Once /a_ Is known it Is much simpler 
to use the sine fufictlpfi* 

P^ » J- X £^ X SIN /e 
X J a 

l*^ « 5a X 360v x ,799 
P «■ 1^*38 vars 

Power factor Is equal to the COS /e which Is 0*6 for an angle 
of 53*^^ 

The only difference between solving an RC parallel circuit and 
an RL parallel circuit Is In the sign of the circuit phase angle. 
The phase angte Is positive In RC circuits, but negative In 
RL circuits* 
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Practice f toblems: 




2. In problem 1 does the circuit appear more resistive 
or more capacltlve? 




Answers : 

K ^ 26,6 Q A70.5^ 

E » 160 V 
a 

2. Capacltlve 
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3. 70.7 n /-^S* - ; * 

k. 2 a 

5- - 120 V - 
!(. - ^ a /901 

lT-5a /53,l° ^ 
- 2* n /-53.l° 

Variational ;;nalysis of Parallel RC Circuits 

' " ~ , / ' 

When comlucting a variational analysis of an RC ctrcuit^ keep 
in mind the formula 




If frequency Is Increased let's, see what happens to other 
cl rcui t quanti ties . 

If frequency Is increased X^. decreases # 
If decreases, 1^ Increases* 

Ih remains the same because is unaffected by a change In 
frequency* 

If 1^ Increases, and Ij^ remains the same, 1^ Increases* 
If 1^ Increases and remains the same, Zy decreases. 
As 1^ increases, Increases, f 
As increases, Increases tx^.)) 
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rattve 




The current vector 
dtagram shows that 
Increases /e 
Increases. 



If angle theta Increases, PF decreases. 



Capacitance Is a physical property and Is not 
affected by frequency. 
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Complete this variational analysts table using arrows 
to indicate the results of the changes indicated. 



Pa 



iJraw the curr**/! vector 
diagrams. 























't 




















•c 




















PF 




















fa 










\ 










/P 










K 










._Lj 











Check with answers on next page. 



6U 69 



Narrative 



Fourteen- i i i 




For these vectors only, the dotted Ifnes 
are the original circuit conditions. 



J 








1 




h 




♦ 








h 










»R 










'c 


















rf 




— ^ 
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Solving Parallel RCL Cfrcults 

The objective here Is to solve for each of the quantities listed 
at the right margin In this three-branch parallel circuit on top 
of page 66- 
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First by Oh(p*s Law, we solve for 
current throu^L each branch and 



find that tj^ » 3 a 



l_ = 



T 

P. 



a 

/6 



And we can draw these ^tLCtors. 



In drawtno the current vector diogram. we ^ilgebr^Ica] edd the 
current qu^bntftfes of i a^d t.. This is possible because t 
and are I80* out of phase. 

Express in rectangular rrotatturt: 



I. 



3 a + JO a 



lERJC 



= 0 a - J2 a 
^ 0 a J4 a 
= 3 a + i2 » 
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vector dtagraot then shows t^. = 3 ^ and l^j =^ 2 a 
- — — parallel RCl circuit ap 

It 




This 

parallel KCL circuit appears to 
the source as a parallel RC circuit 
(more capacttive than inductive). 



We may now convert I. from rectangular notation to poiar notation. 

'x 

TAN /e -p- 
R 

TAN /e - 

— 3 a 

Therefore, TAN /e = 0.6667 

looking in the trig tables we find that when the TAH is 0.6667, then, 

/e = 33.7^ COS /e « 0.8320 



SIN /e = 0.55^8 



\j * 3.6 a /33.7 



The combined values of inductive reactive power and capacitive 
reactive power is the circuit reactive power (P ). Capacitlve 
reactive power is t80° out of phase with the inductive reactive 



power- 



Solve for Zj of the preceding circuit. 

Solve for , P , and P . 

t X a 

^ = 



Answers: Zj = 33-3 « /-33.7 
359.^2 W 
432 va 
239.67 vars 
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P = 
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Practice 




J-Xc 120 fl 



Draw current vectors and soWe. U = 



P = 
a 

PF = 

'l = 
I. = 



Check answers on next page. 
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Narrative Fourteen-ll! 
Answers : 



1^. - 5 a /-36.9° 




AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER A..L OF THE OUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN- 
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAHHEO INSTRUCTION 
USSON IH 
Parallel RC and RCt Cii^cults 

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES, 



1, 



A simple parallel RC circuit Is Illustrated by the diagram below. 
The only difference between th!s circuit and a parallel Rt circuit 
Is that a capacitor replaces the Inductor. Consequent ly» voltage 

Is still the voltage across the resistor equals 

the voltage across the capacitor, and both are equal to 




(common, E } 
a 



2. Since voltage Is common, E is represented by ^ vector in the 
position. 



(standard) 



3- Current through the resistive branch Is in phase with the 
and Is represented by a vector In the standard position. 



(voi tage] ?~ 



/5 
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The magnitude of tj^ can be calculated by Ohm's Law, 



5. in parallel RC or RL circuits, the circuit value to vector for 

is ' . 



"(current) 



6, In the purely capaclt?ve branch, current 
90\ 



voltage by 



(leads) 



7- In the current vector diagram, Is drawn a vector pointing 
in the ^ position. 




8, Using the synibols U and L, the total current in the circuit can 
be written In rectangular notation as . 
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In the current vector diagram* the resultant vector represents 

the current flowing tn the ci rcui t and /£ 

is the angle between circuit current and . 




(tota l ; voltage) 



10. For the example circuit* L dnd 1^ can be crJculated according 
to Ohm's Law. The magnitude of branch currents are; 




(2 a; k a) 



11. The current vector diagram for the abo^e example is given 

below. Total current can be calculated to be 

Witt) a phase angle of . 




Id 2a 



(A. 5 a; ii.h'Y 
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12. An importar^t rule to remember in calculating total impedance 
given in the discussion of parallel RL circuits. Namely, 
total impedance is calculated according to Ohm's Law for total 
current and source voltage. The equation for ly is written: 



E 

a 



13- Now, the magnitude of the total Impedance can be directly 

calculated to be . To determine the phase of 

the total impedance, we must include the phases 'O^ E and 1^ 
i n the equat ton . 



(22 U /'f>SJn 



The source voltage (E = 100 v) is the reference value and can 
be written in polar form as: 

E 

a 

The total current written in polar form is! 



TTOO V /0°; A. 5 a /63.^^ 



E 

15. Using the equation, Ij |— , the total imoedance written in 
polar notation becomes T . 



(22 U /'S3*'^ 



7,8 
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16, The true power of any circuit is that power dissipated in the 
resistive elements as heat. In parallel RC circuits* the 
equation for true power may be written in terms of \^ and R^, 



17, The true power for the example circuit is 



For and given in amperes and ohms> respectively^ the true 
power is expressed In • 



1200 w; watts) 



18. Apparent power is equal to the product of source voltage and 

, The magnitude of P for the example circuit is 

va. ^ 



(total current; 550T 



19. Reactive pcs^r is equal to the product of the source voltaQe. 
total current and the sine /6^. The magnitude of P^ for the 
same circuit is vars. 



U02.3 vars) 



20. In the variational analysis of parallel RC circuits* we 

independently vary the following circuit quantities and determine 
What happens to the remaining circuit variables. 

1 . frequency 

2 . source vol tage 

3 . capaci tance 

4. resistance 



(f) 

(0 



(R) 



7l» 



Fourteen- 1 1 I 



Again* it will be helpful to summarize the ruScb and equations 
describing parallel RC circuits. Frequent use of tht current 
vector diagram will be made to visualize circuU characteristics. 



Sasic Circuit 




Current Vector Diagram 




Rules and Equations 
Vol tage is common 
X, 



0.159 



'R = r 



'c 

TAN /e^ = -p- 



\ = t'R* 'r 



P = I X X. or It SIN /e 
XX C T a — 

P = It E 
a T a 



PF = = COS /6_ 
a 



21. 


f 


R 




■r 


'c 


't 












.1 




t 

























In 'this example* we increase frequency and determine the 
corresponding changes, if any, in the remaining circuit 
q;jant!t;cs, ilpoT; comp!ct!::g the short statements, note the 
variation in the above table by appropriately directed arrows. 
Draw the current vector diagram when necessary. 



Resistance is a physical property; therefore R 
with an increase in frequency. 

1 



^c 

an 



is proportional 
increase in f. 



to 



wi th 



Since R and 



are constant. 



S'j 
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1^ - From Ohm's Law, 1^ is expected to 



in X 



wi th a decrease 



ij ' Wit'i ]^ constant and 1^ increasing, \j 




/e - The vector diagram shows that the phase angle, 6, 



Z_ - From Ohm's Law, Zj = the total impedance 

' - ^ T 

w-ith E held constant and 1^ creased, 
a 1 

- Since R and I*, are constant, P. 



P^ - Apparent power equals x 1^, and it 
an increase in f_. 

PF - From the ratio of the power factor 

a 



WI .,1 



The completed matrix for a change in frequency is 



1/ 



1 



1 



t 



t 



1 



1 



t 



t 



I 



Answers : 



R ^ does not change; - decreases; \^ - is also constant; 

1^ - increases; 1^ - increases; Zj - decreases; ~ increases; 

P* - is constant; P - increases; P - increases; PF - decreases 
t X a 



Sl 
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Case M ^ Source Voltage 
22. Complete this table. 





1. 






'c 














Pf 


-fl 
































'r 




't 




^1- 






'a 


pf 






t 


f 1 


t 




^ 


t 


f 


t 


— > 

— ^ 




Case III - Resistance 



R 




















•Pf 




1 


- 
















* 






R 




■r 


'c 















Pf 


1 




t 


fl 


t 

1 


i 




f 




f 


t. 


^ 


— 







V 
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Case IV " Capacitance 
2^. Complete this table. 



hi 






V 


'c 


't 














1 

▼ 1 


























c 


R 




*R 


'c 














PF 


1 


^ 


t 




iiJ 


11 


t 


) 




1 


I 


t 




► 


— ► 




Parallel RCL Circuits 



Dotted lines are 
original clrcul t 
condl ttons. 



A simple parallel RCL circuit consists of one purely resistive 
brancht one purely inductive branchy and one purely capacitlve 
branch. The basic rules for solving parallel RL and parallel 
RC circuits apply to a parallel RCL circuit. 




A basic RCL circuit is illustrated at 

the left. Voltage Is as 

in the parallel RL and RC circuits. 
The total source voltage^ E » appears 
across branches A8, CD, and^ 



( common : Try 
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26. Given circuit values* we can directly solve for the current 
flowing through each of the three branches using 



(Ohm's Law) 



27. Solve for branch currents 




(2 a; rV; 5 a? 



28. E and the current flowing through the br^r^ch are in 

pnase; therefore* the vector representing tj. Is plotted in the 
standard position. 



(resistive) 



29. Current fn the Inductive branch 

while current In the capacltlve branch 
90^ 



1^ 




90" 



the voltage by 90** 
the vol tage by 



(lags; leads) 



P.I. 
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30. We cannot solve the current vector diagram yet since the circuit 
vectors point In three separate directions. First, we must 
represent branch currents in rectangular notation, in 
rectangular notation, the branch currents for che example circuit 
are; 



U a jO a; 0 a - a; 0 a jS aT 



31. We can add branch currents when they are expressed in 
rectangular notation. The resulting sum is^ 



tj^ = 2 a + jO a 
lj_ ^ 0 a - J4 a 
1y = 0 a + j5 a 



{Z 3 ^ j\ aT 



32. We can now draw a vector diagram of the branch currents re- 
presenting Ip and the difference between and 
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33^ Since al) branch currents are represented In the vector 

diagram, we can solve for the circuit current. 



(total) 



3^- Convert 1^ from rectangular notation to polar notation: 



(2.24 a /26.bT" 



35« Knowing both the source voltage and total current, we can 

solve for the total Impedance of the circuit using Ohm^s Law- 



h- 



)00v /0° 



36, '^^termlne true power, apparent power and reactive power for the 
exampl^' 



v = 

p = 

a 

P « 

X 



(200 w; 22 tt va; )00 varsT 



YOU MAY TAKE ^.^£ PROGRESS CHECK, OR YOU MAY STUDY ANY OF fR| OTHER 
RESOURCES LISTEO. IF '/OU TAKE THE PROGRESS CHECK ANO ANSWl'R ALL THE 
QUESTIONS CORRECTLV, GO ON TO THE NEX7 LESSON. tF NOT, STUDY AMf 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAH ANSWER ALL THE QUESTIONS 
CORRECTLY. 



81 SG 



Sufnmary 



Fourteen"! I I 



SUMMARY 
LESSON I ) 1 
Pars! lei RC and RCL Circui ts 



The procedures for solving parallel RC circuits are identical to 
those used to compute RL parallel values^ The only difference is 
the sign of the resulting circuit phase angle. An Inductive 
parallel circuit has a negative phase angle while a capacltlve 
parallel circuit has a positive phsse angle* 



The flrs\; step Is to apply Ohm's 
Law to each branch and find Ip 
and r 




100 /O* 
'c 125 /-90' 



0*75 a /O* 



0.6 a /+90' 



B anch currents are added vectorial ly to find Ij and /6^* 




^ 0.75 + j(K6 = 



0*96 a /38.6*' 



*75d 1 

(nee Ij is known, Ohm's Law Is applied to comput^^ 1. 



-4 



75 /Q' 

0.96 /+30^ 



= 78.2 n /-38,6' 



P6wer can now be deternttned: 

= (Ip)^ X R = (0.75^)(lOO) = (0.56)(I00) = 56w 
P = X X(. = (0.6^) (125) = (0.36) (125) = k5 vers 



I X E 

pT S 

-i= 56 . 0.78 

% 72 



(0.96) (75) - 72 va 



ERIC 



ParaUsI RC circuits react to changes in voltage^ impedance, 
or reactance the same way as parallel RL circuits. Keep tn mind 
that Is Inversely proportional to frequency and capacitance while 
X. Is directly proportional to frequency and in<iuctance* An increase 
tn frequency causes a decrease In capacitlve reactance* 

!f you have successfully mastered RL and RC circuits, you will find 
that the three^branch RCL circuits will present no problem. 
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The first step is to find 

the current through each branch. 




E 100 /O^ 
a ■ 



= 0.1 a 



' 500 /O* " ^ 



E too /O" 
a _ 



E. 100 /O" 



Combine the branch currents using rectangular notation. 




0 - jO. 1 



0.2 1- jO 



0 + jO.25 



1^ = 0.2 + jO. 15 



The effects of \^ and tend to cancel ^ach other and the result is 
0,15 amps of reactive cur»-ent. To find \ji the res! st I ve current 
and the difference between I, ana I- are added vectorlally. 



Once has been determined, the other circuit values can be computed 
in exactly the same manner as in any other circuit. Because the 
mathematical procedure' to derive reactance in the parallel RCL circuits 
is too length/, the sine function of the circuit phase angle is used 
to resolve t» - circuit value of P . 



PF = COS /e: COS /36.8° - 0.8007 



AT THIS POINT, YOU MAY IaKE THE LESSON PROGRESS CHECK, OR YOU HAY 
STUDY THE LESSON NARRATIVE OR THt PROGRAMMED INSTRUCTION OR 30TH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL '^F THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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Overview Fourteen"! V 

OVERVIEW 
LESSON IV 

Resonant Frequency in Parallel AC Circuits 

In this lesson* you will study and learn about the following: 

-analyzing a paralJ^l LC circuit 

-an Ideal parallel LC circuit operating 

at i ts natural resonant frequency 
-analyzing a practical tank circuit 
-effects of operating parallel LC 

circuits at other than resonant 

f reciuency 

-filters using parallel resonant circuits 



BEFORE YOU START THIS ',cSSON, PREVIEW THE LIST OF STUDY RESOURCES 

OH THE NEXT PAGE, 
. m 
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LIST OF STUDY RESOURCES 



LESSON IV 



Resc.iant Frequency In Parallel AC Circuits 



To learn the r^^terial in this lesson, you have the option olVchoosing 
according to your experience and preferences^ any or all of the 
fol IcKinj: 

STUDY BOOKLET: 

Lesson Narrative 
Prograirmed Instruction 
Lesson Sttmmary 

ENRICHMENT MATERIAL: 

NAVPERi 93400A-lb **8asic Electricity, Alternating Current*** 
Fundamentals of Elect*'on^cs . Burea' of Navai Personnel* 
Washington, D*C*: U*S, Governmenr Printing Office, 19$5* 

AUDiO-VISUAL: > 



Slide/Sound Piesentation - **Resonanee In Parallel Circuits*" 




YOU MAY NOW STU&Y AMY OR ALL OF THE RESOURCES LISTED ABOVE* YOU 
MAY TAKE THE PROGRESS CHECK AT AHY TIME* 
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NARRATIVE 



LESSON IV 



Resonant Frequency In Parallel AC Circuits 
Analyzing an uC .Circuit 

So far In this module* we have analyzed parallel RL» RC and 
RLC circuits. How we will idealize (disregard all circuit 
resistance) a circuit that has only reactive componsnts, 
a capacitor and c col!. 

Our task in analyzing this LC parallel circuit Is determine 
the total current and then total impedance. 




nov 



4on 



As this is a parallel circultj we wi)l analyze the prc^Jerrs 
using the current vector diagram. 'Again our common reference 
is the applied voltags. 



Using Ohm's Lf:w» we determine 
the current through toe caRacitive 
branch is 4 amps» and construct a 
vector for tp to show that current 
leads the voltage by 90"* • 




We can determine that tfje current through the Indjctlye branch 
Is 3 amps, Tne vector for 1^ >s drawn to sho^ ,.hat voltage leads 
current by 90*, 



9&J 



Because L and l|^ are 180"* out of phaf;e» w< can a1 gebra! cal !y 
these quantities to solve for tota^l current. 



add 



= 0 + ji*' a 
l| = 0 ■ j3 a 



1.^ = 0 + j1 a 



Karrat ive 
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Now, by using Ohm's Law, we carr solve for 2 





120v 
\ a 



Zj = 120 0 



Note that Zj is greater than either or X^, Thissis an important 
aspect of a parallel LC circuit and we will discuss it further. 

When the source of power is removed, current will continue to 
circulate betwen L and C. 



This action is due to the discharging of th^* capacitor and tke 
coUapsing field of the inductor,, The current will continue to 
circulate bacic and forth between L and C at a diminishing rate. 
A damped wave is formed due to the resistance present in any 
practical cfrcuit- This action is known, as flywheel action or 
flywheel effect. 

An Ideal Circuit at Natur.H Resonant Frequency 

Notice that X and X. are equal, both 30 ohms. 



Current is frowing in both branches of the network, 'r " ^'"P^ 
and L = ' amps. The current vector diagram is plotted below: 






69 S3 



Narrati ve 



Fourteen-JV 



Because 1^ and 1 are squat and opposite^ they cancel each Ov'^her; 
thuSt the total circuit current is 0 since at any given instant 
of time, current Is flowing in one direction through the capacitive 
branch of the circuit and in the opposite direction through the 
Inductive branch. The appearance in the tank is that of a loop of 
current. This is called circulating current or tank current , and the 
parallel circuit is called a ^ank ci rcui t . 

The point to be stressed is thac Were is no current drawn from the 
source. The line current equals 0. A high current flows jj^ the tank, 
but no current flews to or from the source. 

Solving for In the ideal circ(jit yields: 

7 12QV - ( \ 

T " "oT " infinity [») 

(Dividing zero into any number actually yields an undefined number,^ 
However, if ^^^^c becomes smaller and smaller, eventually there is 
no current flow from the source^ and an iJifinite amount of opposition 
i s f mp M ed . } 

When these conditions exist: 

■ ■ 

'line^^ ■ 

The para 1 1 el c I rcu It ^ s s^ id to be at I ts natura 1 resonant frequency . 

Natural resonance always occurs when = X^. 

This is tru^ for both series and parallel circuits. 

Jn practice, an **ideal oircuH^^ never exists because resistance is 
always present. However, we will further discuss this ideal circuit 
to better understand what take^> place at natural resonant frequency. 



Recall that to find resonant frequency in series AC circuits, we 

y m 

0.159 



used this formula which came from the X^^ - X^ conditijon 



f 



^ /or 



Sinc^ X^ = X^ In parallel circuits at resonance also, ihe same 
forinuhi is used to find f^- 



'94 

so 
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Find f 




Answer: 159 KHz 



Analyzing a Practical Tank Circuit ^ 
' Consider the circuit shown beiow> 

'lie 




In practical appi lcatlons» Ideal circuit conditions can never 
be Achieved, A practical circuit always has some resistance. 
This resistance Is primarily due to the coij's windings and'Is 
depicted as a resistor in series wt^h the coil* in the above 
circuit. * 

Remember^ that with X. and R in series* the phase angle is between 
0 and 90^. ' 

This means that the current in the capacitor, and the current in 
the coil are not exactly IdO^ out of phase> and therefore, are 
not exactly equal and opposite^ 

Since the two currents do not completely cancel » there ?s some 
line current flowing to and from ^he source. Obviously, if the 
ratio of to is large, there Is little difference between 
the two branch currents, and the net line current^ is small.' 



Narrat Ive 
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Note the effect shown on the diagram below, 




Using Ohm's Law» we see that although the Impedance of the 
parallel resonant' circutt ts not infinite as in the idea! tank^ 
the total impedarce Is still very large* 

Note that this is exactly opposite to series resonance, since 
in series resoiMtrrte circuits, we found the circuit current to 
be very high, and the J(nped^nce quite smalK 

Off-Resona n £^_Efre<Uft in Practical Parallel Circuits 

We have seen that when ^ny LC circuit operates at Its resonant 

We have seen that X. = 



frequency, the reactances are ?*C|ual- ^ 

at only one. frequency for a given ^Cand £ combination* The 
source sees a reg^ s 1 1 ve load, whether £, and are in series 
or ill pardi 1 eK 

> 

At frequencies other than that of resonance, the effects of the 
reactances are not cancelled (Xj^ does not equal X^) , leaving'one 
or the other dominant* In analyzing the off-resonance effects 
of the series RLC combination, we learned that when Xj^ Is the 
larger, the circuit Is Inductive; when X^, Is the larger, the 
c t rcu it Is cap^ct 1 1 ve. 



Examine the parallel circuit shown beU<w< 



lOOv 



vciriabU 



In our example, Hz is the resonant frequency. Suppose we 
now change the varlable^f requency generator to produce an output 
of 30 Hz* Since f^ has decreased, X. decreases but X^ Increases, 
Af .his lower frequency, the current through the coIT Increases 
while the current through the capacitor decreases. The total 
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vector sum current supplied by the source is now largely 
inductive currents The circuit current lags the applied 
voltage (ELI)^ Hence, the circuit now appears inductive. 

I n general , we see; 

If the source frequency is below f^, the parallel 
LC circuit appears inductive . 

Now we raise the source frequency above f * X. increases and 
X^ decreases. At this frequency, the current Through the coi) 
decreases, while the current through the capacitor Increases* 
The current from the source is capacitive current and it leads 
the applied voltage (iCE)* Therefore, the circuit behaves Ilk 
a capacitive circuit* 

In general we see; 

If the applied frequency is above f^, the parallel 
circuit appears capacitive * 



Filters Using Parallel Resonant Circuits 

A parallel resonant LC circuit may be used as a very efficient 
bandpass filter* A very common use for a circuit Itke this Is 
the tuning section, of a radio receiver* The high impedance of 
the tank circuit at or near resonance develops a relatively 
high voltage to pass on to the following circuits. Here is a 
schematic of this type tank* — , 



Frequencies higher than the resonant frequency are bypassed 
through the capacitor whije those below resonance are passed 
through^the. Inductor without producing a significant vo'ltage 
3rop* 

By using a variable capacitor in the circuit, a tunable filter 
results, and the circuit can be adjusted to pick up one par^ 
ticular radio station while rejecting all others* 




fo rodio 
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Should you desire to eliminate one frequency from a circuit 
(for example, a ham station creating interference with your TV) 
you can wire in a tank circuit like this one, and adjust it 
to reject the undesired signal. 



input 




This is cal led a band 
elimination filter, for it 
cuts out a limited range of 
frequencies without greatly 
affecting signals above or 
below its cutoff frequencies 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON- IF NOT, STUDY ANY METHQD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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PROGRAMMED INSTRUCTION 



LESSON IV 



Resonant Frequency in Parallel AC Circuits 



THIS PROGRAMMED SEQUENCE HAS NO TEST FKAMES. 



^ The tde^l LC CircjJit 

So far in this module, we have discussed paral le? RL, RC and RLC 
circuits and developed rules for determi ing the circuit values. 
By performing a variational analysis on uiese circuits, we have been 
able to observe characteristics of each type of circuit when circuit 
values are independently varied, A fourth type of parallel circuit 
containing only reactive elements displays interesting and unique 
characteristics. The parallel LC circuit cannot be totally without 
resistance for all circuits have resistance in their elements and 
wire* However, w#> will first discuss the ideal circuit with only 
reactive elements and later consider effects of resistance. 



I, The basic ideal LC circuit is shown in the diagram below. Since 

it is a parallel ci/cuit, Is common and the voltage 

drop across AB the drop acrcss CD, 



A 



C 




50ft 



D 



(vol taje ; equal's^ 
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The current flowing through each branch can be calculated from 
the equations: 



Using the values of voltage and impedance in the example^ find: 



) 



'L 



U a; 2 a; 0 a)" 



3^ Remember that current flowing through resistance is in phase with 

voltage, inductive current the applied voltage by 90*^, and 

capacitlve current the applied voltage by SO**. 



Uagsi leadsJ 



The following current vector diagram can be drawn. Current through 
the resistive elements is in the ideal LC circuit example 



1i ?o 



{zero) 
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\ 



As we did in parallel RLC circuits, we can algebraically add 1^ and 
1 1 when expressed in rectangular form* This is the same as saying 

that the! capaci ti ve and inductive currents are degrees 

out of phase and can be added by finding their difference.^ 



TW 



6. We must first write the three types of current in rectan^gular . 
notation for the example circuit. \ 



\ 
\ 
\ 

\ 

\ 



V 



(0 a + jO a; 0 a - j2 a; 0 a + a ) 



7. The total circuit current can be calculated by adding. 

= 0 a + jO a 

I J. = 0 a + j'* a ^ 



(0 a + j2^ar 



\ 
\ 
\ 

- u 

' \ 

\ 



8. tn this example, total current expressed in rectangular notation 
can be easily converted to polar form. Therefure, 1^ = 0 a + j2 a 
in polar form becomes; 



TzTTWl 
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9* The tota) impedance can be calculated Prom Ohm's Law: 

T U 




Utien the source of power is rettiovedt current will continue to 
circulate between L and C. This effect is due to ^ 

\ 



(The dtscharging of the capacitor and the collapsing fi\eld of 
the inductor*)* 




DAMPED WAVE 



After the source of poWer ts removed, the current will continue 
to circulate back -and forth between the tnductdr and capacitor 
at a diminishing rate. This action is known as flywheel action 

or flywheel effect. The damped wave Is caused by the 

present tn any practical circuit* 



(Resistance) 

98 



Idea? i-C Circuit at Na.^uraJ Resonant Frequency 

As we wit) see in the following frames^ the Ideal LC parallel cir- 
cuit displays unique properties when the inductive and capacitive 
reactances are e(^udK The frequency of the applied voltage at which 

equals X>. is defined as the natural resonant ft^equency of the 
circuit. 

12, In the circuit illustrated below^, Xj^ is equal to X^., 




Recall the equations for reactances: 



X|^ = 2TifL 



The frequency at which X^ " X^^ is defined as the 

frequency of the circuity an^ is denoted 



as f . 
o 



(natural resonant) 



13, If we change' the frequency from resonance, say increase it, 

Xp and X , In any xase, X^ no 

longer equals X. * A similar non-resonance phenomenon occurs 
if we decrease the applied frequency from f , 



^decreases; i ncreases) 
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}k * In the current vector diagram be)ow» the inductive branch 
current ts to the capacitWe branch current. 




(equa'l ; 



15- In the paralleJ LC circuit at the resonant frequency, 1^ and 

\^ are equal and vectoriaUy plotted i;^ 

d I feet ions • ^ 



(opposite) 

16. The total current calculated by vectorially adding and 1^ 



(zero) 

\ ^ * ■ 

17- When a parallel LC circuit ts operating at resonance, the 
current flows from the capacitive branch to the inductive 
branch at one instant, while at another instant current flows 
from the inductive branch to the capacitWe branch in the 
/ direction. 



(oppOsi te) ~ 
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18. This alternating current appears as a loop of current in the 
tank circuit definftd by ABCDjn the diagram. 

A C 



E>/en though current flows in the tank circtrit, the total cur-^ 
rent flowing from the source Is + 



(zero) 



19* At resonance 1-^, = 0, so the total impedance Is Infinite, 
Solve the circuit in frame 18 for Zy. 



" 0 a " 

(Note: Any number dlvJded'by zero is actually an undefined 
number. However, as current gets siitaller and smaller, Impedance 
must be Increasing, so that when current Is zero. Impedance must 
have reached infinity^ - 



20t* In revfew, the natural resonant frequency of an fdeal parallel 

LC circuit occurs when capacitive reactance 

Inductive reactance. 



(equals) 



10 
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21. In practical electrical circuits^ resistance is always present. 
This resistance changes the special characteristics of^ resonance. 
The extent of the changes depends on the ratio of the' ir^duct ! ve 
reactances to the resistance. Recall that low-^ coils have a 
nslatlvely large resistance. 



- — -t - 
(effective) 



22. A practical LC circuit. is shown in the diagram. 




Recall that, with resistance In series With IL, thg current flow- 
ing through the inductive branch is no longer 90* out of phase, 
but lags voltage by a phase angle between and 90*, 



23* We represent this change in the phase angle inductive current, 
as indicated on the vector diagram below. 




Right away, we expect the total cJrrent at resonance to be 
due to the presence of l^. 



(greater than zero) 
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2^, In the ideal parallel LC 'circuit at resonance, I is zero, 
affd the total ^impedance is Infinite. In a practical circuit, 
if R is siPall, the total current (or lufjg) '5 also small, 



and Zj \t not infinite but remain^^ 



(brge) 



25*., Recall' that resonance occurs when the inductive reactance, Xj^, 
is *_ to the capacitlve reactance, + 



(equafr 



26^ In the circuit example, assume that we have fixe^ /aljes of 
and. The reactive impedances are defined by the equations; 



X, = 2Tif L 
L O 



'^C ^ 2Tif C 



In the resonant condition, we can equate the two, X|^ = X^; 
and substi tute; 

1 



o 2Tif C 



The resonant frequency can be calculated from this equation, 
using 2ti = 6,28. 



^0 = 



o.\ss 
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27. 


If we now increase the applied frequency above f^, keeping all 
other factors constant^ and X^. 


[ \ ocreases ; decreases J 


28. 


Since X^ is greater than X^^ the current flowing through X 
is than the capacitive current. Look at 
E 

Law (!, = z—) for the solution. 
^ \ 


(ma\ lerJ 


29. 


We can say^ therefore^ that when the applied freqt!ency is 
above f * k is larger than 1, and the circuit appears 






Icapac 1 t 1 ve) 


30. 


If we decrease the applied frequency below f^^, X^ 
and X^ 


*ldecreases ; increases J 




E E 
From Ohfn*s Law, L = ^ and 11 -= :A * >s 

than l/s when the parallel LC circuit operates below resonance. 
In this case^ the circuit appears 


(larger; r nduct rve) 
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32. Parallel resonant circuits are commonly used as filters to 
select or reject narrow bands of frequencies* Based on what 
you know about filters and parallel resonant circuits* which 
of these Is a bandpass fflter? 
IK« 1 IN* 1 




(A) 



33' Qholce A Is correct, for £he parallel LC circuit has a high 
Impedance at or near resonance only. At any frequency lower 
than its lower f , the signal is shorted through the Inductor 
to ground wi thou?*^deveJoping a usable output voltage. 

A signal at a frequency of 20,000 Hz useful at 

is/is not 

the output of a bandpass filter with the resonance curve shown? 



30 KHZ 




fj«q — : 



Us not) 
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y*\ rrequencles higher than the upper f ,^ are bypassed through the 
capacitor and again no usable output is developed. Using the 
graph from^frame 33* determine which component offers low 
impedance to a frequency of 65 KHz? 



(the capacitor)" 



t^ecause. the tppedance at (or near) resonance is high, an 
Output voltage develops across the tank circuit in this region, 
.^nd a graph of voltage versus frequency looks much like the 
Impedance curve. 

What is the resonant frequency of the circuit whose output 
is graphed here? 



t 

m 





1 
1 


WJ Khz 1/ 1 


\[ ISOSKhx 


tower • 

2 1 


»upper 

It 
1I 
i\ 

' ^ \ 
1 





(1500 KHz) 



36- A very common use for bandpass filters is the tuning circuit 
used in a radio. Placing a variable capacitor in place of 
the fixed capacitor allows the resonant frequency to be varied 
so that one station will be received while all others are re- 
jected. 

What station (frequency) does this circuit select? 



Y 



T 



J- 



C = lOpf 

} 



(I59O KHz) 
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37* A parallel LC circurt n»ay also be used to eliminate an unwanted 
frequency, such as interference to the picture of your TV. This 
is done by wiring the circuit a little differently: 



-•OUT 



Here, the voltage developed across the resistor (iR) is 

at resonance because the impedance of the tank 

maximum/minimum 

ci rcut t is . 

n»axi mum/mini mum 



(mi nimum; maximum^ 



58. The circuit shown in frame 37 is a band reject filter, for it 

eliminates of frequencies from the 

one band/all but one band 

output . 



lone band) 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU HAY STUDY ANY OF THE 
OTHER RESOURCES LfSTEO. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTiONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY, 
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SUMMARY 

LESSON ;v 

Resonagt Frequency ia Parallel At Circuits 

To further your understanding of hew components react to applied 
f qequency^ when connected tn parallel we wilt now idealize (dis- 
regard ail circuit resistance) a circuit containing a capacitor 
and a coi I . 

c 

Consider first that L and 
are 180^ out of phase. Because 
of this phase difference, they 
cancel each other and the current- 
d/awn from the source equals the 
difference between the two (U - t.) 




50v 




50 /O^ 

50 /O^ 
" 30 /-So" 

I « 0 - j' 
0 + jO.66 



IC 1>66o 



I a /-30' 



,66 a /+90' 



As you can see from the M lustration. I amp of current passes back 
and forth between the cot) and the capacitor with the source supply- 
ing the extra 0.66 ^mp to maintain 1^ at it:: Ohm's Law value. 

Because of the transfer of energy between the two reactive devices, 
total current is less than either 1^ oj- Ij^. 

By applying Ohm's Law, we can solve for Zy. 
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Note that Z 
aspect of a 



!^ IS greater than either X^. 
i parallel LC circuit and we 



or X^^. This an important 
will discuss i t further* 



When the source of voltage is removed, Cfjrrent will continue to circulate 
between tKe inductor and the capacitor forming a damped wave* This 
action Is known as flywheel action or flywheel effect* 

Circuits which contain Inductance in parallel with capacitance are 
called tank circuits. The current which flows within th^tank (back 



called tank circuits . The current which flows within tn^tanK voacK 
and forth between the capacitor and the coil) is known as cI rculattng 
(\ \ nr (-anL- ^..^t-a»4- (\ \^ The Current which the source 



ana rortn oetw^en trie ucjpcj^;! tur cjnu trie t-wi i} \^ t^nuwn i i t^u r 

current ('r|f^^ tank current ('xftf^f^)* '^^^ current which the s 
supplies Is called 1 Ine current ^'lINE^* Line current is merely 
another name for 1^ 



ISOv 









*c;: 







By looking at the accompanying 
schematic and using a little 
Imagination, you should be able 

cl rcu It 
see that 



to determine 'ijfjg 
fmpedance* You can 



This means that I 



I 



Due to the I80^ phase shift between the equal branch currents, there 
Is a complete canceling effect and '^|U£ zero* 



LINE 0 + jK5 
0 + jO 

With line current known to be zero, circuit impedance can be computed 
by Ohm's Law. 

2 = i = 15° = infinity ( » ) 
(Remember, this is an ideal situation.) 



V 
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'c-'l 

z\ " 

the circuit is said to be at its natural resonant fre<luericy. 

Natural resonance always occurs when the frequency of the applied 

voltage ts such as to make X^^^ = X^. This fs true for both series 
and parallel ctrcuiiJ. 

Recall^ that the formula used to find resonance in series circuits is 



1 



27Ti/LC 



or 



0-159 



The same formula is used to find the resonant frequency of a parallel 
network because we are looking for the sam^ circuit condition, Xj^ =a X^ 

In practical applications, ideal ci rcu t^condt tions can never be 
achieved. The resistancTe present in thfe coil's windings upsets 
the balance between current through inductive and capacitive 
branches . 




The two currents are not exactly equal and opposite; therefore, 
there is some line curre'U drawn from the source. 



A. 



The dotted line flj^) represents 
what 1. would be under t'dv^al con- 
ditions; the solid vector (1,) re- 
presents the actual current through 
the inductive branch. Note that I 
is slightly le^s than \^ and the twc 
currents are not exactly 180*" out 
of phte^se. 
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Due to the resistance (n the circuit, \\uf increases from the 
value of 0, and impedance decreases from infinity to some finit^^ 
value. 

A more practical statement of conditions at resonance of a para!: 
circuit is; 

\ = \ 

' L INE " ml ni mufT va lue 

Zj = maximum value 

At the resonant frequency, a parallel LC circuit appears purely 
resistive to the source Q^) because tl^e only current dra\ ^ 

is due to the circuit resistance. If frequency Js varied from 
resonance., the reactances (Xj^ and X^.) are no longer equal. 

When the applied frequency drops below f , inductive reactance 
decreases and inductive current increases. 

At the same time, capacitive reactance increases and capacitive 
current decreases. 

Since the inductive current is the greater, the. circuit appeirs 
Inductive at frequencies below resonance. 

When the applied frequency varies above the resonant frequency, In- 
ductive reactance increases and inductive current decreases. Ca;^>actr!ve 
reactance decreases and capacitive current fsjcreases, 

Since capacitive current Is the greater, the circuit appears cap;!- 
cltlve et frequencies abovo resonance. 



Remember, at resonance 'lh^j^ minimum and Z Is^^ maximum, so lL(j^£ 
will increase whether frequency goes above or belpW, resonance . 

\ ' 

One use for this type of circuit is a band-pass fiJter. This filler 

develops a sljnlflcant voltage only If the appl ied\frequency Is 

near Its resonant frequency. In this way, we get a. circuit which 

selects a very narrow band of frequencies and rejects all others. 

A variable capacitor Is used to build a wiMelyused ^uned circuit 

for radio receivers; 7 

\/ antenna 
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The capacitance is varied to select the desired station whMe a)) 
other frequencies fail' to develop usable outputs. 



.Wired like this/the parallel LC network forms a band-reject filter: 



input 




output 



AT THIS POINT YOU KAY TAKE THE LESSON PROGRESS. CHECK, OR YOU KAY 
STUDY THE LESSON NARRATIVE OR 'THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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OVERVIEW 
LESSON V 

Effective Resistance in RL Parallel Circuits 



\ 

In this lesson you will study and learn about the following: 

^practical RL circuits 
-solving for current 
^effect of ^ of a CO; 1 t n paral leT 
RL circuits 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON V 

Effective Resistance in RL Parallel Circuits 



To learn the material in this lesson, you have the option of chooslng,^^^ 
according to your experience and preferences, any or ail of the 
following: 



STUDY BOOKLET: 

Lc 'On Narrative 
Progranmied Instruction 

J- 

Lesson Sununary 

ENRICHMENT MATERIAL: 

NAVPERS 93^00A-lb. "Baste Electricity, Alternating Current/' 
Fundamental of Electronic \ . Bureau of Maval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965* 



YOU MAY NOW STUDY ANY OR ALL OF THE RSSOURCES LISTED ABOVE. YOU MAY 



TAKE THE PROGRESS CHFCK AT ANY TIME. 
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Effective Resistance \n T^L Parallel Cjrcuits 



Practical ?X Circuits 

Up to thTs point tn parallel circuit analysis, we have con- 
sidered the coil as ideal. In other words, we have assumed 
that the coti was purely inductive, but in reality we knew this 
to be untrue. A coil also has resistance — the effective re- 
siS'tance of the coi K When the effective resistance of a coil 
is high In relation to X| , it cannot -be ignored. 



Wh^n a leg of the parallel network has both R^ and , then J_ 
through the leg no longer lags ^ by 90^ as It does Tn a purely 
Inductive leg. The phase angle changes, and as with any series 
RL circuit, the ohmtc values of R^ and X. cannot be arithmetically 
added to find the total impedance In the branch. 

o * 

Before we can determine the current flow through this resistive- 
reactive branch of the network, it is necessary to find total 
Impedance in the branch. 

Remember that we can vector to find in series AC circuits 
only; however, the coll and the effective resistance are In 
series in this branch of the parallel circuit. 



Find Z_ of branch 2, or Z^, by vector addition. 




I less than 10, the effective re- 
j%f#sistance must be taken into 
|60Uconsideratton. The branch of 
i the circuit which contains the 
IXi '.^ longer considered 



purely inductive because, in 
effect, there is resistance in 
series with the col) . 



If the 5^ of a coil {Q, - ~) is 




\ \ soft 



lit) 

U6 
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impedance vector diagram: 




As this is a 3'"^"5 triangle, 
you know 12 100 ohms, and 



Solving for Current 

Mow we know that the impedance in branch 2 is 100 ohms /53_J_1* 
We also know that because the coil and the effective resistance 
^re In series, the same current flows through each one. Current 
through 12 is determined as follows; 

'Z2- 



a 
12 



11 



100 Ail 
100 n 



(^ernember E is the 
common reference >n 
a paral lei network^ 



(Note: Here we are saying. that the current in*the inductive 
teg IS lagging by 53* l'^* This makes sense because In a 
purely t nduct Ive. ci rcui t J_ lags E^ by 90% but because we have 
resistance in series with the coM, the phase angle has de- 
creased from 90** to 53-r.)* 

Current through 21 is determined In this manner; 

E. 



'21 



100 V /O 



'21 ^ 100 /O' 



l^, 1 a /O^ 



Adding the B rj: nch Currents 

To add the in:livjdua1 branch currents to obtain total 
currc'.t, we must express them in rectangular notation. 
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l^j. = 1 a /-S^.V (polar) 

= -6 - jO+8 d (rcctdngu)dr) 



Adding l^j ^nd find 1^: 

l^, = 1 *00 + jO a 

. Therefore: 1.^ t +6 - jO + 8 a 
Now we have 1^ expressed in rectangular form. 



Constructing Cn rr ent Vector Diagram 




Since we know the values of re- 
sistive and inductive current, 
we. can use the formula 

TAN /e = -p= yy| ^ *5000. 
R 



In the trig tables^ we find: /e = 26,$** 



I, 



COS = ,89^*2 

Ir. 



'Then COS /O^ « -p-; transposed, I- 



COS /e 't 



K6 
TB952 



« i.8 a. 



"In polar form* 1^ is 1 .8 a /-26.6*' 



Relationship of Q in Parallel Circuits 

In many applications of parallel networks* keeping power con** 
sumption at a minimtim is important. The greater the of a 
given circuit* the more power consumed. 

When effective res i stance of a coi I in a paral lei RL ci rcut t 
increases* then the power consumed increases. When the 
circuit cpnsumes more power* the inductor stores less power. 
A low-^'coil dissipates more power than one of equal inductance 
with a high-Q^* because the effective resistance is greater in 
the low.**Q coi I . 

As long as tf^e oT ^ cell remains 10 dr above* we need not 
concern ourselves with^the phase shift of the inductive leg be'*- 
cause the effective resistance ts negligible. However, tf the 
^ of the coil is less than 10, phase shift must be considered. 
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For your purposes in this school, you will disregard the ef- 
fective resistance of the coil unless otherwise directed. , 



AT THIS POINT, YOU MAY .TAKE THE PROGRESS CHECK, OR YOU MAY 
STUDY ANY Of THE OTHER RESOURCES USTEO. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER AIL OF THE QUESTIONS CORRECTIY, GO 
TO THE NEXT lESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH.UNTIL YOU CAN ANSWER All THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 



LESSON V 



Effective Resistance in RL Parallel Circuits 

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. 

An inductor possesses both rfitststance and impedance^ To simplify 
calculations, we can represent the effective resistance of a coil 
as a pure resistance In series with the colK With the resistance 
**removed*^ .the impedancf^ of the coll is again purely reactive and 
Its value Is represented by X^^. 

1* In the parallel RL circuit shown, four major elements are 

Indicated although the actual circuit has only three parts — 
voltage source, resistor, and + 




t 



L I 



( I nductor or col I ) 



2* R^ and are expressed In ohms* The effective resistance of 
the coiT is expressed in + 



(ohms) ~ 



\ 

To calculate voltage and current values for the parallel circuit 
illustrated, we can stort with the procedure de^Veloped in the 
last lesson for circuits with pun^ly resistive and Inductive 
branches. For the resistive branch, we calculate theL*tbranch 
current according to the equation Ij^ = , since 

voltage Is common and Bie voltage drop across the resistor 
is equal to + 
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Similarly, the voltage drop across 
the reactive branch' is equal to 
the voltage. 



\ I 



(source) 




Neglecting the resistive brancliiVr a moment, we can solve for 
current flowing through the inductive branch as if it were a 

series circuit as shown. With 



•^eff ^"^^ 



this is simply a 
RL ci rcui t U ke you 



studied in Module Twelve. 




XL 



I 



(ser iesT" 

-y 



Since R Is shown to be tn series with the coil, the Impedance 
of the Branch (22) must be equal to the sum of 



R find X, • 
ef f L 



(vectored) 
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7. You know the voltage drop across the resisttve element is in 
p'.ase with the current. The voltage drop across the , induct ive 
element Is out of phase and current by 90 . 



(leads) 



8. Recall that in a series RL circuit we cannot directly add impedances 
to obtain the total Fmpedance of the circuit.. Zy must be obtained 
by vector addition of and . 



Draw the impedance vector diagram for the Fnductive branch in the 
circuit illustrated and >label the impedance and phase angle. 




9- Calculate the Impedance and phase angle of the tnductive branch 



when ^^ff 3nd Xj^ are both lO ohms. 

/e = 
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10, The (mpeaance of the inductive branch can be represented In 
rectangular notaL.on as: 

ohms • 



(10 jlO) 

IK The same current, Ij* flows through^Xj^^and R^^p For a source 
voltage of 100 volts, we can solve for 1^ using Ohm-s Law_, 
E ^ 
= 2^ (Impedance of the inductive branch). 

When we divide 100 volts by ]h ohms to obtain t^, we must 

consider the difference between voltage and 

current. 




L \ 



(phase) 

12. Remember that we are solving this branch for impedance and 
current in order to ultimately solve the parallel RL circuit. 
For the parallel circuit, is the common reference and 

therefore has a phase angle. E^ written in 

polar form is ; • 



(zero; 100 v /0"> 
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13- With E = 100 V /O^ and Z^j. = U /45% the current flowing 
througn the inductive branch Is . 



(7.1 a Ms") 



1^. Recall that in a purely inductive circuit, vol tage^ leads 
current by 9o*, This is the sa'me as current laggi nQ vol - 
tage by 90*» 

For the inductive branch of the ex^ple circuit, we have found 
^tha.t,cu^rent lags the voltage by 45^ » This decrease in the 

phase~ang1e"froffr 30*. caused by the in the 

clrcui t . ^' ^' - — 



(resistance of the cotl or ^^ff) 



15- Current flowing through the resistive branch can be calculated 
directly from Ohm's Law. 







— ' ^ 




t R SOtl l\ \ 



{Reff 
jlOft 

tioft 



I • 



100 V /Q" 

50 » 70^ 2 a /p: 
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I6. For the parallel Rl circuit, we have calculated the branch 
current to be: 

I, =^ 2 a /O^ 

I2 - 7.1 a 7^51 ' 

To find the total current for the circuity 1^, we combine 

Ij and I2 by addition since the two currents 

are out of phase. 



jvector) 



17* Since the branch currents are not 90** out of phase with each 
other (I = 2 /O^, ^ 7*1 /^^S^) combining them Is a, bit 
more difficult. To combine these to currents they must first 
be expressed i n notati-* 



(rectangular) 



18. I| written in rectangular notation is; 



(2 + jO) I 

19* Branch current l^* consists of a resistive component (1^^) - 
and a reactive component (l.). To change L from lt*s polar 
form (7*1 to rectangular form, follow the procedure 

learned in Module Twelve* Lesson 111* 

resistive element (ij^l (Cosine /e) (Hyp) 

reactive element (l^) = (SIN /b) (Hyp) 

Convert l„ to rectangular nota Ion 



(5 - iS) 



^ 12s 



20, The procedure for adding the branch xiurrent vectors can be 



visualized from these diagrams, ^ 



-J5o 




Step 3 



-5Jo 




1, Convert Ij and from polar notation to rectangular, 
notati on . 

2. Add 1 1 and 1^ to determine the total current expressed 
in rectangular notation. 

3* Convert 1^ from rectangular notatton to polar notation* 

Solve the example problem for total current and express in 
polar notation, ly * . 



IB, 6 a /-35,5^ ' ~" 

IF YOU OlD NOT GET THE CORRECT ANSWER, GO TO FRAME 21 
YOU WERE CORRECT, GO TO FRAME 29, 



21, From the diagram, branch current, Ij, is in phase with the 
common voltage and possesses a zero phase angle. The polar 
representation, Ij = 2 a /O^, can be directly written in 
rectangular form" Ij = 



U a 4 jO) 
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22. Converting I to rectangular notation Is slightly more com- 
plicated 3nd can best be visualized by looking at the drawing 
showing one component tn the standard direction and one com- 
ponent i n the , d I rect ion . 




'2 ' 7.1 a 



23. We can calculate ttie component values of the Inductive branch 
current (Ij^ 
vector dlag 



current (Ij^ " JI.) by applying the trigonometric functions to the 
gram shown in Frame 20, 



The resultant Is represented by the current 1^ (7 1 a /-^S'^) > 

To find the resistive value (ih), apply the cosine function 
I 

ft 

Cosine = Y~ 
2 



by rearranging the equation we get 



Ij^ = Cosine 



Cosine /'k5^ 
1. = 7.1 a 



0.707 



Therefore, the resistive elenjent of 1^ - 



We are not attempting to 
series circuit. We are 



(COS /-J^5^ X 71 a or 5 a; Note: 

say <hat you vector current in a ^, 

simply converting a vector representing that current from 
polar notation to rectangular notation.) 
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2^. Similarlyj the magnitude of U the direction can be 
calculated from the trig relationship: 



SIN /6 



Inductive 



— I 



Then, the Inductive element of ^ 



\ (SIN /-^5\ X 7>1 a or - jS a) 



25- Now We can write I2 in the rectangular notation. 

u - 



\ 



(5 a - jS a) 



26. The total current for the circuit in rectangular notation is 



the sum of )j and l^* 



Ij « 2 a + jO 
!, = 5 a - j5 a 



(7 a - JS a)' 



27. Now that we have a value for l_ in rectangular notation, we 
can convert to polar form using trigonometric functions. 




The can be calculated using the tangent. 

TAN /9 = 

From the trig tables: 

/9 « 
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2d. The magnitude of 1^ can be found using the equation for the 
cosine of the phase angle: 



(8.6 a /-35.5*) 



29. Recall that any cotl contains some resistance. A high- Q 

cot! contains 

coi 1 . 



resistance or R than a low- Q 
eff 



A rule of thumb to fol low i s that i f the Q of a coi 1 is 
greater than 10, the effective resistance is negligible 
and can be considered 



(lower; zero) 



30. To prove the statement made in Frame 29. We will work a 

problem fi rst wi th a low Q coi 1, then in the fol lowing frame 
replace it with a high-Q coil and rework the circuit. 




WOv 



R son 



1 



j4on 



L I 



Solve for Q 



Z of branch 2 
1^ (polar) 



k. 1^ (rectangular) 



(1. Q«J^ «^-1.33 



eff 



30 



2. Z2 = 30 + j'tO » 50 fl /+53. )' 



100 /0° V 



3. I, 



Z2 50 /+53.1' 



= 2 a /-53-)' 
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ft. Ip= (COS. /-53.1 ')(lJ 1^= (SIN /-53.r) (2) 

(0.6004) (2) (0.7997) (2) 

. I .2 - jl.6 

100 /O" =■ 2 /0° 
^- 'l ZT " 5oTo^ 

6. I , = 2 + jO 

' 12,- 1.2 - jl.6 
I.^ = 3.2 - jl.6 (REC) 

5.58 /-26,6'^ a (polar) 

E 100 /O" V 
7* 2t = T7 = JTsTTElLil =■ 28 /±26^ ) 



31. Replace the low-Q coll with a high-Q. 

Solve for; 

2. 2^ 




4^* 3. I 2 (polar) 

"2 (^^-^^ 

i^^5. I. 



( I 



6. 1, 



7. 2, 



(1. "10 



2. 2, ° ftO /90° because with a high ft coll (Xj_ ratio of ten or 

more) the effects of R^^j; are negligible and the branch can be 
considered purely inductive and the resistance disregarded. 
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E 100 /O* V 
a — 



40 Z+SO" 



= 2.5 /-SO" a 



0 - j 2.5 a 
E 



100 /O^ V 
50 /0° II 



2 + jO ^ 
0 - j2.5 a 



= 2 /O' a 



j= 2 - j2.5 a 



(•■'sciangular) 



Tan. =|.= ^= 1.25 



Sin 
cos 
/6 



.7315 
.6239 
51. A* 



1. 



i, 



- 3.2 /-51.A*' a 



(Polar) 



cos /9 

E "Too /o^ V 

7- ^° 77 -3720- 7^1.1.° a •=3'.25^11Jtl « 



32. By examining the results computed for branch 2 in frame 3', 

(you can seo the Z2 Is very nearly equal to 

and is quite close to The effects of ^^ff are 

negligible so the branch can be considered purely 



(X|^, 90", inductive} 



YOU HAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTKWS CORRECTLY, GO TO THE NEXT LESS(W. IF NOT, 
STUDY ANY METHOD OF iNSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY." 
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SUMMARY 



LESSON V 



Effect i ve Res i stance tn. RL Parallel Circui ts 
*i " — 

In Module Thirteen you wer6 Introduced to effective resistance 
and Its effect on the operation of a coil. The R of the coll 
acts as a resistance In series with a pure inductlnce and reduces the 
Inductive phase angle from the ideal $0^ to something less than thls» 
de-^endlng on the value R ££ In respect to X, 

If the ratio of X^^ to R^^^ (Q) Is less than 10, the effect of 

R^ff on circuit action must be taken 'Into consideration* For example: 

In this circuit, the effective re-^ 
sistance of the toll Is represented 
as a resistor in series with the 
coil* .The effect of this series 
^ res 1 stance Increases the impedance 
of the inductive branch and reduces 
the phase angle from the Ideal 90*"* 

6oa 




The impedance of the resistive branch Is equal to the value of the 
resistor (Z* - lOOfi)* the Impedance of the Inductive branch Is 
» 10 + j60 or 61fi /80.6^ . 

The branch currents ^an now be computed by Ohm*s Law: 

lOOv 



I 



lOOv 
lOOfl 



8e fore the branch currents can be a.dded. they must be converted from 
polar form tc rectangular fornu 

branch one current = 1 /0 ° ° 1 + jO 

Branch two current = 1 ,6k /-80.6' = 0.268 - jl .61 



Total current » K + jO 

0.268 - J1-61 
1.268 - ji.ei 
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Total circuit current and circuit phase angle can now be found by 
converting the rectangular representation for 1^ to polar form* 



Recall that (s determined by the ratio of reactance to resistance 

\ 

within the coi 1 ; Q « A co II wi th a low X, tto R j^j; ratio has a 
lowland therefore cannot be regarded as a pure in3uctancs. 

As long as the Q of a coil remains 10 or abovc^ the effective re- 
sistance Is considered negl Iglble and the shift in In the 
inductive branch need not be considered. If the ^of the coll Is 
below 10^ however, the effect of its resistance on the circuit Is 
significant an^ must be considered. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY / 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH, 
IF YOU tAKE the progress check and ANSWER ALL OF THE QUESTIONS [ 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 5 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 



1^ = 2.15 a /-5K8^ 
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OVERVIEW 
LESSON VI 
Parallel Resonance Experiments 

In thts lesson you will conduct some experiments with 3 parallel 
RCL cfrcuit operating at a range of frequencies Including the 
resonant frequency. 

You wl ) I requi re; 

-NEAT Board 8 

-Audio Signal Generator 

-Mul timeter 

You win perform the following experiments; 

-determining f by 1, 

^ o LINE 

-determining f by and L 
o C L 

-effects of changing ^ 

-effect of f of varying ^ 



BEFORE YOU START THIS LESSOW, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON VI 
Parallel Resonance Experttnents 

Since this lesson consists of experiments, there Is only the narrative. 
Thej-e are no other study resources and no .progress checks.^ 



TURN THE PACE AND BEGIN THE NARRATIVE. 
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LESSON VI 

Parallel Resonance Experiments 

For this set of experiments you need NEAT Board 8, a signal 
generator, and your multimenter. 

Observe that the NEAT Board has three parallel branches, We will use 
onfy the capactttve and Inductive branches for our experiments. Also 
observe that In the inductive branch, by changing S-803> we have an 
option of adding one of three different valued resistors or of not 
having any resistance In series with the Inductive leg. 

The' basic circuit for the experiments looks like this: 




Notice that ammeter connections are Indicated for 'j mp* 'q* 
L . Your meter leads will b6 connected In the convnon test points 
T^ 806 and T 807 on the HEAT board, and the setting on S-802 will 
determine whTch current measurement Is being taken* For example. 
If S-802 Is in the M-(meter) 801 posItTon, you will be reading 
line current as Indicated by the meter face M-801. 

Mo Perform the experiments. 





Setting up NEAT Board 


1. 


Set S-801 


to the ON position. 


2. 


Sat S-806 


to position A^. 


3. 


Set S-802 


to M-80I position 


it. 


Set S-803 


to posltlpn A^ 


5. 


Set s-8oit 


to the OFF position. 
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Step 2. Setting Up Audio Signal Generator 
J. Put band selector in position C* 

2. Select sine wave position^ 

3. Turn frequency control all the way counterclockwise* 
Turn amplitude control all the way clockwise. 

5. P';;3 in signal generator and turn on power switch. (The 
red power^avat lable light sl^ould glow*) Allow a few 
minutes for warm-up. 

6. Connect test leads to output jacks (black to bottom 
terminal) * 

7- Insert other end of test leads to NEAT board terminals 

T "802 and T -803 (black to T -803)* 
P P P 

Step 3* Setting Up Simpson 260 

1. Set up SiiT^)§on to read DC current on 10 ma scale. 

2. Insert test leads from Simpson to terminals T -806 and 

T -807 (black to T -806)* ^ 
P 'P 



Experiment' 1 - Determining f^ by l^jf^g 



Step 1* Slowly raise the frequency control of the signal generator 
and observe the current reading on the meter* 

Step 2. By manipulating the frequency control* tune the signal 
generator to the. frequency where line current Is 
minimum and keep it there. This is f^* 

What does the range dial indicate resonant frequency to 
be? 

If freqjency Is varied above or below f^, does ^^^^ in- 
crease or decrease? 



Notice f^ is approximately KHz* 'Lmg 
frequency varies either 'above or below f * 



increases wlien applied 

o" 
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Experiment 2 - Determining f by Ia and L 



Step I. Switch ?"802 to M-802 position. Vou will now be reading 



Record reading 



Step 2. Switch S-802 to M-803 position. You will now be reading 



Record reading 



What condition exists when Ij^ equals 1^,? 

What other circuit quantities must be equal in 
order for Ij^ to equal 1^1 



= approximately 3*^7 ma 
Ij^ - approximately 3*V ^ 



When and 1^ are equals resotiance exists. 

in an Ideal tank, if equals Ij., then Xj^ equals Xj., 

Experiment 3 " Changing Q 



Step I. Put S-802 back to the M-8OI position. You are 

reading Ut^^^ again. Tune signal generator again to 

ensure you are still at f . 

' o 

Step 2. While switching S-803 from position A to position 

C, and D to add different values of resistance, note 
the meter reading at each position. 

Has I, ijjp increased or decreased? 



In what position is resistance greatest? 

Ill what position is Q, lowest? 

In what position Is greatest? 



Narrative Fourteen-VI 
I i^ji^g Increased. 

Resistance Is greatest tn position D. 
Q IS lowest fn position D. 
'line greatest in position D. 



Step 3. Place S'803 back to position A. 



Experiment k - Changing by Varying Capacitance 



Step K Place S-8O6 in position 

Step 2. This places variable capacitor C^801 in the circuit. 
Turn C"80I fully countercloclcwise. 

Step 3. Adjust signal generator until liibjr minimum. 
What is new f^? 

Step Adjust C^80l to center or midrange position. 

Step 5. Adjust signal generator untM lijuc Is minimum. 
What is new y 

Step 6. Adjust C"80l fully clockwise. 

Step 7* Change the band selector on the signal generator to band D 
and adjust the frequency control for minimum line current. 

Step 8. Record f^ • 



13.5 KHz; 18 KHz; 25 KHz 

NOTEl When adjusting for minimum down scale multimeter 

as you approach 0 1|_|^^* 
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When you decreased capacitance did you cause to 
Increase or decrease? 

When changed, did t^. increase or decrease? 



Why did you hav^ to raise frequency to reach a new 

f ? 

o 



X^ increased 
1^ decreased 

The decrease in capacitance caused the circuit to resonate at a 
higher frequency* 



TURN SIGNAL GENERATOR OFF* UNPLUG ALL TEST LEADS* UNPLUG SIGNAL 
GENERATOR. 

Return the NEAT board and signal generator to the materials center. 



Study the resonant characteristic curve for a parallel circuit 
shown below. How does it compare with your results? 




-MtEQUENCr 



AT THIS POINT, SEE YOUR LEARNING SUPERVISOR FOR FUrtTHER iNSTRUCTiOHS. 
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Appendix 



Fourtee^n 







0- 0** 




0, lo 




0, 2^ 




s\ ^O 

0- 3 




0 4^ 






0, b 


0, 7 




ft tl^ 

0, 0 




n aO 

0. 9^ 




«in 


0, 0000 


0, 


0017 


0. 


003 5 


0, 


0002 


— 
0, 


0070 


— 
c. 


00^*7 


0. 0105 


0. 01 :^ 


0, 


0140 


0. 


015. 


0 


cos 


L 0000 


L nooo 


1, 0000 


L 


0000 


I, 


ocoo 


1, 


0000 


0. 9999 


0, 9999 


0, 


9999 


0, 


9999 




tAn 


0. 0000 


0. 


0017 


0. 


003v 


0. 


0052 


0. 


0C70 


0, 


00&7 


0, 0105 


0. 0122 


0, 


0140 


0. 


0157 




•in 


0. 017& 


0. 


0192 


0. 


0iC9 


0. 


02i7 


0. 


024 4 


0. 


02b2 


0, 0279 


0. 0297 


0. 


0314 


0. 


0332 


\ 


cos 


0. 9998 


0. 


9998 


0, 


99'<S 


0. 


9997 


0. 


9997 


0, 


9^97 


0, 9996 


0, 9996 


0. 


9995 


0, 


9995 




t^n 


0, 017& 


0. 


C192 


0. 


C209 


0. 


tzzi 


0. 


0244 


0, 


QZ(>1 


0, 0279 


Oh 0297 


0, 


0314 


0- 


0332 




•in 


0, 0349 


0. 


0366 


0. 


0384 


0. 


0401 


0. 


0419 


9, 


0436 


0, 0454 


0. 04Vi 


0, 


0488 


0. 


0506 


z 


CCS 


0. 9994 


0. 


9993 


0. 


9993 


0. 


9992 


0, 


9991 


0, 


9990 


0, 9990 


0, 9969 


0, 


9968 


0, 


9987 




tan 


0. 0349 


0. 


0367 


0, 


03^4 


0. 


0403 


0, 


0419 


c. 


04 j7 


C. 0454 


0- 047 i 


0, 


0489 


0, 


0507 




• in 


0. 0523 


0. 


0541 


0. 


o:sK 


0. 


0576 


0. 


059 3 


0, 


06U 


0, 0628 


0, 0645 


0, 


(\hL 3 


0. 


0680 




CO 5 


0. 99S6 


0. 


998J* 


0. 


9?tJ4 


0. 


9983 


0, 


99S2 


0, 


9'>8i 


0. 9980 


0- 9979 


0, 


997ft 


0, 


9977 




tan 


0. 0&24 


0. 


054^ 


0, 


0SS9 


0. 


05V7 


0. 


0594 


0, 


0612 


0. 0629 


0, 0'>47 


0. 


0664 


0- 


0682 




Bin 


0, 0698 


0. 


0715 


0, 


073£ 


0. 


0750 


0, 


0767 


0. 


0785 


0, 0802 


0. 0819 


0, 


0837 


0, 


0854 


4 


cos 


0. 9976 


0. 


9974 


0, 


997 3 


0. 


9972 


0. 


9971 


0, 


9969 


0. 9969 


0, 9906 


0, 


9965 


0, 


9963 




tan 


0. 0699 


0. 


0717 


0, 


0734 


0^ 


0752 


0. 


0769 


" 0. 


07S7 


0, 0805 


0. 0822 
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0. 


9542 


A 

0, 


9548 


0, 9553 


A 

0* 


Q C C 0 

9558 


72 


CO 9 


0. 


3090 


0. 


3074 


0. 


3057 


0'. 


3040 


0. 3024 


0. 3007 


0. 


2990 


0. 


2974 


0. 2957 


0. 


2940 




ran 


3. 


0777 


3, 


0961 


3. 


1146 


3. 


1334 


3. 1524 


3. 1716 


3. 


1910 


3, 


^106 


3. 2305 


3. 


2506 




eiu 






A 


Q C O 


A 


7573 


A 

0- 


95 


0, 7583 


0* 75oo 


A 

0* 


7593 


A 

0, 


7!>78 


A Q A ^ 

0. 7o03 


A 

0* 


9b08 


73 




0. 


2924 


0. 


2907 


2. 


2890 


0. 


2874 


0. 2857 


0. 2840 


0. 


28^3 


0. 


2807 


0. 2790 


0. 


2773 




tfin 


3. 


2709 


3. 


2914 


3. 


3122 


3. 


3332 


3. 3544 


3. 3759 


3. 


3977 


3- 


4197 


3. 4420 


3. 


4640 




sin 


Q. 


^ol 3 


A 


7bl 7 


A 




A 

0* 


Q i T 1 

7b2 7 


Op 7b ^2 


Op 7bJb 


0, 


9641 


0, 


9646 


0* 9650 


0, 


9655 


74 


cos 


0. 


2756 


0. 


2740 


0- 


2723 


0. 


2706 


0. 26ti9 


0. 2672 


0. 


2656 


0. 


2639 


0. 2622 


0. 


2605 




tan 


3. 


4874 


3. 


5105 


3. 


5339 


3. 


5576 


3. 5816 


3, 6059 


3. 


6305 


3. 


6554 


3. 6806 


3. 


7062 




Sin 


0, 


A C Q 


0. 


9664 


0. 


9668 


0. 


9673 


0, 9677 


0. 9681 


0, 


9686 


0. 


9690 


0, 9694 


0. 


9699 


75 


cos 


0. 


2588 


0. 


2571 


0. 


2554 


0. 


2538 


0, 2521 


0, 2504 


0. 


2487 


0. 


2470 


0. 2453 


0. 


2436 




tan 


3. 


7321 


3. 


7583 


3. 


784G 


3. 


8U8 


3.8391 


3. 8667 


3. 


8947 


3. 


9232 


3. 9520 


3. 


9812 




sin 


0* 


9703 


0. 


9707 


A 


771 I 


0. 


971 5 


^ 0. 9720 


0* 9724 


0. 


9728, 


0, 


9732 


0, 9736 


0. 


9740 


76 


cos 


0. 


2419 


0. 


2402 


0. 


2385 


0- 


2368 


0. 2351 


0, 2334 


0. 


2317 


0- 


2300 


0. 2284 


0. 


2267 




tan 


4. 


0108 


4. 


0408 


4. 


0713 


4, 


1022 


4, 1335 


4, 1653 


4, 


1976 


4, 


2303 


4. 2635 


4. 


2972 




sin 




7744 


0. 


9748 


A 


77b I 


0* 


9755 


0, 9759 


0* 9763 


0. 


9767 


0, 


9770 


0* 9774 


0* 


9778 


77 


cos 


0. 


2250 


0. 


2232 


0. 


2215 


0. 


2198 


0. 2l8i 


0. 2164 


0. 


2147 


0. 


2130 


0. 21 13 


0. 


2096 




tan 


4. 


3315 


4, 


3662 


4. 


40;& 


4-, 


4374 


4. 4737 


4. 5107 


4, 


5483 


4, 


5864 


4, 0252 


4. 


66^46 


7 a 


sin 




978 1 


^^785 


A 


Q '4 O Q 

7707 


A 

0* 


9792 


0, ^77b 


0* 9777 


0. 9803 


0, 


9806 


0. 9810 


0. 


981 3 


C09 


0- 


2079 


0. 


2062 


0. 


2045 


0. 


2028 


0. 2011 


0. 1994 


0. 


1977 


0. 


1959 


0. 1942 


0. 


1925 




tan 


4 


7046 


4. 


7453 


4. 


7867 


4, 


8288 


4, 8716 


4.9152 


4. 


9594 


5. 


0045 


5. 0504 


5. 


0970 




£in 


V* 


70 1 D 


0. 


9820 


A 


70Z ^ 


0. 


9826 


lL 702 7 


0, 98 33 


0. 


9836 


0, 


9839 


0* 9842 


0* 


9845 


79 


cos 


0. 


1908 


0. 


1891 


0- 


18M 


0. 


1857 


0>WI0 


0. 1822 


0. 


1805 


0. 


1788 


0. 1771 


0. 


1754 




tan 


5. 


1446 


5. 


1929 


5. 


2422 




2924 


5. 3435 


5. 395 5 


5. 


4486 


5. 


5026 


5. 5578 


5. 


6140 




ftin 


0* 


7o4o 


0. 


9851 


A 


7o54 


0. 


9857 


A Q O A 

0, 7obO 


0* 7ot> J 


0. 


9866 


0, 


9869 


0, 9871 


A 

0* 


9&74 


80 


cos 




1 r JO 


0. 


1719 


0. 


1702 


0. 


1685 


0, 1668 


0, 1650 


0 


1633 


0. 


1616 


0. 1599 


0. 


H82 




tan 


5. 


6713 


5. 


7297 


5. 


78C4 


5. 


8502 


5. 9124 


5. 9758 


6, 


0405 


6. 


1066 


6, 1742 


6. 


2432 




sin 


0. 


9877 


9880 


A 


9882 


0. 


9885 


0, 9888 


0. 9890 


0. 


9893 


0. 


9895 


0. 9898 




9900 


D 1 


CCS 


0. 


1564 


1. 


1547 


A 


1 b 


0. 1513 


0* J 47 5 


0, 1478 


0. 


1461 


0, 


1 444 


0, )426 


0. 


1409 




tan 


6 


3138 


6. 


3859 


6. 


4596 


6. 


5350 


6. 6122 


6. 6912 


6. 


7720 


6. 


8548 


6. 93^5 


7. 


0264 




ain 


0. 


9903 


0. 


9905 


0. 


9907 


0. 


9910 


n. 991? 


0. 9914 


0. 


9917 


0. 


9919 


0. 9921 


0. 


9923 


82 


cos 


0. 


139^ 


0. 


1374 


0 


1357 


0. 


1340 


0. 132 3 


0. 1305 


0. 


1288 


0. 


1271 


0. 1253 


0. 






tan 


7. 


1154 


7. 


2066 


7. 


3002 


7. 


3962 


7. 4947 


7. 595J 


7. 


6996 


7. 


8062 


7. 9158 


8. 02&5 






0. 


9925 


0. 


99aa 


0. 


993C 


0 


9932 


0. 9931 


0. 9^*36 


0. 


9938 


6, 


9940 


0. 9942 


0 


9943 


93 


CO* 


0. 


1219 


0. 


UOl 


0. 


1164 


0. 


1167 


0. 1 1 49 


0. 113? 


0. 


1115 


0. 


1097 


0 loso 


0. 


J0^'*3 




tan 




1443 


8. 2A3t* 




38f 3 


8. 




tv427 


a. 77b9 


3. 


9152 


9. 


0579 


9 20-J 


9 






fvtoc* 


0. 0** 


0. l^* 


0. Z'> 


0. 


0 


0 5<' 


0 6^ 


0. 70 


0. 3^ 


0 
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Appendix 



Fourteen 



84 



8S 



86 



87 



88 



89 





0, 


9945 






104S 




9. 


SM4 



silt 



0, 9947 
0. 10Z8 
9, 6768 

0. 996Z 0.9963 
0. 087Z 0. 08^4 
IIL43 11.66 



0 0*= 



0, 1* 



0, 



0 



0. 4^ 



0. 5^ 



0, 6^ 



0. 1^ 



0. 3^ 



0, 0^ 



sin 


0, 


9976 


cos 




0698 


Uit 


14, 


30 


«in 


0, 


9986 


cos 




0SZ3 


t«n 


19. 


08 


silt 


0, 


9994 






0349 


tan 


!8. 


64 


silt 


0, 


999 S 


cos 




0175 


tait 


f7. 


29 


(unc ' 






i'xoti 




0, Oo 



0, 9949 0. 9951 
0. ion 0. 0993 
9. 8448 10. OZ 



0- 9977 
0, 0680 
H-6? 

0-9987 
0,0506 
19, 14 

0.9995 
0. 0332 
30, 14 

0.9999 
p. 01 57 
63.66 



0. 9965 
0. 0837 
11. 91 

0. 9973 
0* 06r>3 
15. 0^ 

0. 9988 
0. 048S 
ZO. 45 

0.9995 
0. 0314 
31. 8Z 

0. 9999 
0. 0140 
71. 62 



C. 9966 
0. 0819 
U. 16 

0. 9979 
0. 0645 
15. 46 

0, 9989 
0. 0471 
Zt. ZO 

0. 9996 
0. 0Z97 
33. 69 

0. 9999 
0. OUZ 
81. 85 



0. 9952 
0. 0976 
10. 20 

0. 9968 
0. 0S02 
12. 43 

0. 9980 
0. 06Z8 
15. 39 

0. 9990 
0. 04S< 
ZZ. 02 

0. 9996 
0. 0Z79 
35. SO 

0. 9999 
0. 0105 
95. 49 



0. ^954 
0. 0958 
10. 39 

0, 9969 
0. 0785 
12. 71 

0, 9981 
0. 0610 
U. 35 

0,9990 
0. 0436 
Z2. 9 0 

0. 9997 

0. 026Z 
38. 19 

1. 000 
0. 0087 

114. 6 



0. 9956 
0. 0941 
10. 58 

0. 9971 
0. 0767 
.13. 00 

0. 9982 
0. 0593 
16. 83 

0. 9991 
0. 0419 
Z3. 86 

0. 99.97 

0. 0Z44 
40. 92 

1. 000 
0. 0070 

143. Z 



0. 9957 
0. 09Z4 
10. 78 

0. 997^ 
0. 0750 
13. 30 ■ 

0. 9983 
0. 0576 
17 34 

0. 9992 
0. 0401 
Z4. 90 

0. 9997 

0. 0ZZ7 
44. 07 

1. 000 
0. 0052 

I'.O 0 



0.9959 
0. 0906 
10.99 

0 9973 
0. 07 3Z 
13. 6Z 

0.9984 
0. 0558 
17.89 

0.9993 
0. 0384 
26. ;:3 

0. 9^98 

0, 0Z09 
47.74 

1. 000 
0.0035 

Z86. 5 



0. 9960 
0. 0889 
11. ZO 

0,9974 
0. 0715 
13.95 

0.0985 
0, 0541 
18. 46 

0,9993 
0. 0366 
27. Z7 

0. 9^98 

0. 019Z 
5Z. 08 

1. 000 
0. 0017 

573. 0 



0. lo 



0. Z^ 



0. 3^ 



0. 4*^ 



0. 50 



0. 6<5 



0. 7^ 



0. 8*» 



0. 9^ 



